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D slqw d gd| udlvhv d pdq*v sd|>
exw vprnlqj eorzv wkdw jdlq dzd|
Mdq F1 ydq Rxuv
Ghfhpehu 4/ 5336
Devwudfw
Wklv sdshu vwxglhv wkh zdjh hhfwv ri wkh xvh ri dofrkro dqg
wredffr1 Wkh dqdo|vlv edvhg rq d uhfhqw vxuyh| lq wkh Qhwkhuodqgv
vkrzv wkdw iru pdohv wkh xvh ri wredffr kdv d qhjdwlyh zdjh hhfw
ri derxw 43( zkloh wkh xvh ri dofrkro kdv d srvlwlyh zdjh hhfw
ri derxw wkh vdph vl}h1 Wkh zdjhv ri ihpdohv duh qrw dhfwhg e|
vprnlqj dqg gulqnlqj1
Nh|zrugv= gulqnlqj/ vprnlqj/ zdjhv/ hduqlqjv uhjuhvvlrqv
MHO frghv= F74/ G45/ L4<
 
Ghsduwphqw ri Hfrqrplfv dqg FhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ 8333
OH Wloexuj/ Wkh Qhwkhuodqgv/ RVD/ L]D dqg FHSU> ydqrxuvCxyw1qo1 Wkh dxwkru
wkdqnv FhqwHU0gdwd iru pdnlqj wkhlu gdwd dydlodeoh dqg FhqwHU iru qdqfldo vxssruw
lq wkh gdwd froohfwlrq1 Ixuwkhupruh/ kh wkdqnv vhplqdu sduwlflsdqwv dw L]D dqg wzr
dqrq|prxv uhihuhhv iru vwlpxodwlqj dqg khosixo frpphqwv1
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4 Lqwurgxfwlrq
Wkhuh lv d vpdoo olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq gulqnlqj/ vprnlqj
dqg oderu pdunhw shuirupdqfh1 Prvw ri wkh vwxglhv lq wklv olwhudwxuh
irfxv rq wkh hhfw ri dofrkro rq zdjhv/ vrph vwxglhv duh rq wkh lq xhqfh
ri vprnlqj rq zdjhv dqg wkhuh duh dovr d ihz vwxglhv rq wkh vlpxowdqhrxv
hhfw ri vprnlqj dqg gulqnlqj rq zdjhv1

Wkh vwxglhv edvhg rq XV/ Fdqdgldq ru Dxvwudoldq gdwd doo qg srvl0
wlyh zdjh hhfwv ri prghudwh dofrkro xvh1

Wkh srvlwlyh zdjh hhfwv ri
gulqnlqj duh h{sodlqhg wkurxjk wkh uhodwlrqvkls ehwzhhq gulqnlqj dqg
khdowk1 Prghudwh gulqnhuv kdyh d vpdoohu suredelolw| wr eh frqiurqwhg
zlwk frurqdu| khduw glvhdvh wkdq devwdlqhuv ru khdy| gulqnhuv kdyh1 Wkh
h{dfw qdwxuh ri wkh uhodwlrqvkls ehwzhhq dofrkro xvh dqg zdjhv glhuv1
Edvlfdoo|/ wkhuh duh wzr w|shv ri uhvxowv1 Gulqnlqj kdv d srvlwlyh exw
frqvwdqw zdjh hhfw ryhu vrph udqjh ri xvh1 Ru wkhuh lv dq lqyhuwhg
X0vkdsh uhodwlrqvkls zkhuh wkhuh lv d pd{lpxp srvlwlyh zdjh hhfw dw
vrph gulqnlqj lqwhqvlw| zkloh gulqnlqj pruh ru gulqnlqj ohvv lqgxfhv d
vpdoohu zdjh hhfw1 H{dpsohv ri wkh uvw w|sh ri vwxglhv duh Ehujhu dqg
Ohljk +4<;;, dqg ]dunlq hw do1 +4<<;,1 Ehujhu dqg Ohljk +4<;;, qg wkdw
gulqnhuv uhfhlyh kljkhu zdjhv wkdq qrq0gulqnhuv1 ]dunlq hw do1 +4<<;,
frqfoxgh wkdw phq zkr xvh dofrkro ryhu d zlgh udqjh ri frqvxpswlrq
ohyhov kdyh :( kljkhu zdjhv wkdq phq zkr gr qrw gulqn ru duh khdy|
gulqnhuv1 Wkh vwxg| grhv qrw qg d vwdwlvwlfdoo| vljqlfdqw dofrkro zdjh
suhplxp iru ihpdohv1 H{dpsohv ri wkh vhfrqg w|sh ri vwxglhv duh Iuhqfk
dqg ]dunlq +4<<8,/ Khlhq +4<<9,/ Kdplowrq dqg Kdplowrq +4<<:, dqg
PdfGrqdog dqg Vklhogv +5334,1

Iuhqfk dqg ]dunlq +4<<8, qg wkdw
lqglylgxdov zkr frqvxph 418 wr 518 dofrkrolf gulqnv shu gd| kdyh vljqli0
lfdqwo| kljkhu zdjhv wkdq devwdlqhuv dqg khdy| gulqnhuv1 Khlhq +4<<9,
qgv wkdw dw wkh rswlpdo ohyho ri dofrkro frqvxpswlrq wkh zdjh suh0
plxp ri dofrkro lv durxqg 83(1 Kdplowrq dqg Kdplowrq +4<<:, qg d
qrq0olqhdu hhfw ri dofrkro xvh rq zdjhv exw rqo| diwhu dffrxqwlqj iru
hqgrjhqhlw| lq wkh fkrlfh ri gulqnlqj vwdwxv1 PdfGrqdog dqg Vklhogv
+5334, vwxg| wkh hhfw ri dofrkro frqvxpswlrq rq rffxsdwlrqdo dwwdlq0
phqw lq Hqjodqg1 Wkh| qg erwk iru ROV dqg 5VOV hvwlpdwhv wkdw

Wkhuh lv dovr uhvhdufk rq wkh xvh ri vriw dqg kdug guxjv lq uhodwlrq wr oderu
vxsso|1 Vhh iru dq ryhuylhz ri wkh olwhudwxuh rq guxjv dqg oderu pdunhw shuirupdqfh
PdfGrqdog dqg Sxgqh| +5333,1
Dq h{fhswlrq lv Gdyh dqg Ndhvwqhu +5335, zkr fodlp wkdw wkhuh lv qr fdxvdo
hhfw ri dofrkro frqvxpswlrq rq oderu vxsso| dqg zdjhv1
Whnlq +5335, dqdo|vhv Uxvvldq gdwd dqg qgv dq lqyhuvh x0vkdshg uhodwlrqvkls
ehwzhhq zdjhv dqg dofrkro frqvxpswlrq1 Diwhu lqwurgxflqj {hg hhfwv wkh x0vkdsh
glvdsshduv exw wkhuh lv vwloo d srvlwlyh uhodwlrqvkls ehwzhhq zdjhv dqg dofrkro frq0
vxpswlrq1
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wkhuh lv d srvlwlyh dvvrfldwlrq ehwzhhq dofrkro frqvxpswlrq dqg phdq
rffxsdwlrqdo zdjhv wkdw dsshduv wr kdyh dq lqyhuwhg0X vkdsh irup1 Wkh
5VOV hvwlpdwhv lqglfdwh dq rswlpdo dofrkro frqvxpswlrq htxlydohqw wr
derxw 5 slqwv ri ehhu d gd| iru pdohv dqg derxw 418 shu gd| iru ih0
pdohv1 PdfGrqdog dqg Vklhogv +5334, dujxh wkdw wkh srvlwlyh hhfw ri
prghudwh dofrkro xvh pd| eh uhodwhg wr vrfldo qhwzrunlqj1 Wkhlu lghd lv
wkdw dofrkro frqvxpswlrq lv dvvrfldwhg zlwk dgglwlrqdo vrfldo wlph vshqw
zlwk zrun froohdjxhv dqg dvvrfldwhv1 Wkh vrfldo qhwzrunlqj dovr vljqdov
wr pruh vhqlru phpehuv ri vwd wkh prwlydwlrq iru wkh mre dqg frpplw0
phqw wr wkh up1 Vr/ dofrkro lqgxfhg vrfldo qhwzrunlqj surylghv zrunhuv
zlwk ydoxdeoh lqirupdwlrq wkdw khosv wkhlu fduhhuv dqg wkxv vwlpxodwhv
wkhlu zdjhv1
Wkh vwxg| e| Ohylqh hw do1 +4<<:, lv d uduh h{fhswlrq ri d vwxg| wkdw
lqyhvwljdwhv wkh hhfw ri vprnlqj rq zdjhv1 Wkh| qg wkdw frqglwlrqdo
rq wkhlu revhuyhg fkdudfwhulvwlfv zrunhuv zkr vprnh hduq 70;( ohvv wkdq
qrqvprnhuv1 Lq wkhlu rslqlrq wklv qhjdwlyh hhfw ri vprnlqj rq zdjhv
fdq eh dwwulexwhg wr glvfulplqdwlrq ri vprnhuv/ wkhlu uhgxfhg delolw| wr
fduu| rxw pdqxdo wdvnv/ wkhlu lqfuhdvhg devhqwhhlvp ru wkhlu kljk udwh
ri wlph suhihuhqfh/ zklfk lqgxfhv wkhp wr pdnh ihzhu lqyhvwphqwv lq
surgxfwlylw| hqkdqflqj kxpdq fdslwdo1 Wkh uhvxowv duh sduwo| edvhg rq
sdqho hvwlpdwhv irfxvlqj rq glhuhqfhv lq zdjh fkdqjhv ehwzhhq zrunhuv
wkdw txlw vprnlqj dqg zrunhuv wkdw frqwlqxh vprnlqj1 Xqiruwxqdwho|/
wkh lqyhvwljdwlrq rq wkh srvvleoh qdwxuh ri wkh qhjdwlyh zdjh hhfw lv
zlwkrxw uhvxowv1
Vwxglhv wkdw lqyhvwljdwh wkh vlpxowdqhrxv hhfwv ri vprnlqj dqg gulqn0
lqj rq zdjhv duh Dxog +4<<;,/ Ohh +4<<<, dqg O|h dqg Kluvfkehuj +5334,1
Dxog +4<<;, qgv wkdw devwhqwlrq iurp dofrkro lqfxuv d zdjh orvv ri 43(
zkloh ehlqj d gdlo| vprnhu lv dvvrfldwhg zlwk d zdjh orvv ri ;(1 Diwhu
dffrxqwlqj iru vlpxowdqhlw| kh qgv wkdw gulqnlqj devwhqwlrq dqg khdy|
gulqnlqj duh dvvrfldwhg zlwk dq lqfrph shqdow| ri 58( wr 83(/ zkhuhdv
d gdlo| vprnhu kdv d zdjh ri derxw 63( orzhu wkdq d qrq0vprnhu1 Ohh
+4<<<, dqdo|vhv d vdpsoh ri wzlq gdwd dqg qgv wkdw gulqnhuv hduq 7(
pruh wkdq devwdlqhuv zkloh vprnhuv hduq 8( ohvv wkdq qrq0vprnhuv1 O|h
dqg Kluvfkehuj +5334, qg d qrq0olqhdu uhodwlrqvkls ehwzhhq dofrkro xvh
dqg zdjhv exw rqo| iru qrq0vprnhuv1 Iru vprnhuv qr srvlwlyh zdjh hhfw
ri wkh xvh ri dofrkro lv irxqg1
Wkh irfxv ri wkh fxuuhqw sdshu lv rq wkh vlpxowdqhrxv zdjh hhfwv
ri wkh xvh ri dofrkro dqg wredffr1 Wkh dqdo|vlv xvhv gdwd iurp d 5334
vxuyh| lq wkh Qhwkhuodqgv1 Iurp ROV zdjh uhjuhvvlrqv lw dsshduv wkdw
iru pdohv gulqnlqj kdv d zdjh suhplxp ri 46( zkloh vprnlqj kdv d
zdjh shqdow| ri 9(1 Erwk wkh srvlwlyh zdjh hhfw ri gulqnlqj dqg wkh
qhjdwlyh hhfw ri vprnlqj frxog eh uhodwhg wr khdowk hhfwv dqg wr wkh
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hhfw ri vrfldo qhwzrunlqj1 Krzhyhu/ lw frxog dovr eh wkdw wkhuh duh
xqrevhuyhg fkdudfwhulvwlfv wkdw dhfw erwk vprnlqj2gulqnlqj ehkdylru
dqg zdjhv lq zklfk fdvh ROV0hvwlpdwhv duh eldvhg1 Wkh pdlq lvvxh ri
wkh fxuuhqw sdshu lv wr hvwlpdwh wkh hhfwv ri vprnlqj dqg gulqnlqj rq
zdjhv wdnlqj lqwr dffrxqw wkh hhfwv ri srvvleoh xqrevhuyhg khwhurjhqh0
lw|1 D wudglwlrqdo zd| lv wr xvh lqvwuxphqwdo yduldeohv zkhuh iuhtxhqwo|
xvhg lqvwuxphqwv duh uholjlrq/ sulfhv ri dofrkrolf ehyhudjhv/ glvhdvhv/ vhoi0
dvvhvvphqw ru idplo| ehkdylru1

Lq 5VOV hvwlpdwhv L xvh dv lqvwuxphqwdo
yduldeohv zkhwkhu ru qrw dq lqglylgxdo vwduwhg gulqnlqj ru vprnlqj eh0
iruh djh 491 Ixuwkhupruh lq dowhuqdwlyh hvwlpdwhv L dovr xvh wkh suhvhqfh
ri d sduwqhu/ wkh suhvhqfh ri fkloguhq dqg d vrflrhfrqrplf vwdwxv lqglfd0
wru dv lqvwuxphqwv1 Lq doo fdvhv L qg wkdw wkh srvlwlyh hhfw ri gulqnlqj
lqfuhdvhv wr lpsodxvleo| kljk ydoxhv1 Vxfk lqfuhdvhv lq wkh hhfw ri gulqn0
lqj zkhq dsso|lqj 5VOV +ru 6VOV, duh dovr irxqg lq vwxglhv e| ]dunlq
hw do1 +4<<;,/ Khlhq +4<<9, dqg Dxog +4<<;,1 Wkh vl}h ri wkh hhfwv
ri dofrkro xvh duh yhu| lpsodxvleoh1 Dssduhqwo| lw lv qrw hdv| wr qg
jrrg lqvwuxphqwdo yduldeohv wkdw dhfw wkh fkrlfh wr gulqn dofrkro exw
gr qrw gluhfwo| dhfw wkh zdjh1 Wkhuhiruh/ dv dq dowhuqdwlyh wr wkh xvxdo
lqvwuxphqwdo yduldeoh dssurdfk L xvh wkh dqdo|vlv ri vwduwlqj udwhv iru do0
frkro dqg wredffr wr lghqwli| wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw|
dqg uhodwh wklv wr xqrevhuyhg khwhurjhqhlw| lq wkh zdjh htxdwlrq1 P|
dowhuqdwlyh hvwlpdwhv vkrz wkdw dofrkro xvh jhqhudwhv d zdjh suhplxp
iru pdohv ri derxw 43( zkloh vprnlqj uhgxfhv zdjhv e| derxw 43(1 Iru
ihpdohv L gr qrw qg wkdw gulqnlqj ru vprnlqj dhfw zdjhv1
Wkh sdshu lv vhw xs dv iroorzv1 Vhfwlrq 5 jlyhv vw|ol}hg idfwv derxw
wkh oderu pdunhw srvlwlrq dqg vprnlqj dqg gulqnlqj ri wkh lqglylgxdov
lq wkh gdwdvhw1 Vhfwlrq 6 suhvhqwv sdudphwhu hvwlpdwhv ri wkh vwduwlqj
udwhv iru dofrkro dqg wredffr dqg sdudphwhu hvwlpdwhv ri wkh lqwhqvlw|
ri xvh ri wredffr dqg dofrkro1 Vhfwlrq 7 jlyhv wkh uhvxowv ri vhyhudo
zdjh uhjuhvvlrqv lq zklfk wkh xvh ri wredffr dqg wkh xvh ri dofrkro duh
h{sodqdwru| yduldeohv1 Vhfwlrq 8 frqfoxghv1
5 Oderu pdunhw srvlwlrq/ vprnlqj dqg gulqnlqj
Wkh gdwd xvhg lq wkh dqdo|vlv duh froohfwhg mxvw ehiruh Fkulvwpdv 5334
+vhh wkh Dsshqgl{ iru ghwdlov derxw wkh gdwd,1 Wkh jurvv gdwdvhw frq0
wdlqv lqirupdwlrq rq 4343 pdohv dqg ;53 ihpdohv djhg 49 |hduv dqg
roghu1 Wdeoh 4 vkrzv wkh oderu pdunhw srvlwlrq ri wkhvh lqglylgxdov glv0
wlqjxlvkhg e| djh dqg jhqghu1 Rqo| d ihz lqglylgxdov duh xqhpsor|hg1

PdfGrqdog dqg Vklhogv +5334, iru h{dpsoh xvh lqvwuxphqwdo yduldeohv uhodwhg wr
looqhvvhv ri wkh lqwhuylhzhh +gldehwhv/ vwrpdfk xofhuv dqg dvwkpd,/ wkh sduhqwv ri wkh
lqwhuylhzhh +zkhwkhu ru qrw wkh| vprnhg uhjxoduo|, dqg vhoi0dvvhvvphqw derxw wkh
gulqnlqj ehkdylru ri wkh lqwhuylhzhh1
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Iru pdohv wkh vkduh ri xqhpsor|hg udqjhv iurp 4 wr 6(/ iru ihpdohv
wklv lv vrphzkdw kljkhu udqjlqj iurp 6 wr :(1 Rqo| iru wkh orzhvw
djh fdwhjru| dqg wkh kljkhvw djh fdwhjru| pdohv dqg ihpdohv duh yhu|
pxfk dolnh1 Iru erwk pdohv dqg ihpdohv wkh djh fdwhjru| 49 wr 58 |hduv
frqwdlqv d olwwoh ryhu 83( ri hpsor|hg zrunhuv/ zkloh d elw pruh wkdq
73( lv qrq0sduwlflsdqw1 Wkhvh duh pdlqo| lqglylgxdov wkdw kdyh ixoo wlph
hgxfdwlrq1 Iru wkh kljkhvw djh fdwhjru| doprvw doo lqglylgxdov duh qrq0
sduwlflsdqwv1 Lq wkh djh jurxsv 59 wr 68 |hduv dqg 69 wr 78 |hduv doprvw
doo pdohv duh hpsor|hg1 Lq wkh fdwhjru| 79 wr 88 |hduv wkhuh duh pruh
qrq0sduwlflsdqwv/ pdlqo| ehfdxvh vrph ri wkh pdohv uhwluh hduo| ru froohfw
glvdelolw| ehqhwv1 Lq wkh djh fdwhjru| 89 wr 98 |hduv rqo| 73( ri wkh
pdohv lv hpsor|hg/ zkloh 93( lv qrq0sduwlflsdqw/ hduo| uhwluhg zrunhu ru
d zrunhu froohfwlqj glvdelolw| ehqhwv1 Iru ihpdohv wkh djh fdwhjru| 59
wr 68 |hduv kdv wkh kljkhvw hpsor|phqw vkduh/ ;9(/ zkloh 43( ri wklv
djh fdwhjru| lv qrq0sduwlflsdqw1 Dw kljkhu djhv wkh hpsor|phqw vkduh
gursv vxevwdqwldoo| wr 4:( iru wkh djh fdwhjru| 89 wr 98 |hduv1
Wdeoh 5 vkrzv wkh xvh ri wredffr dqg dofrkro e| djh jurxs dqg jhq0
ghu1 Wkh lqglfdwruv vkrzq duh olihwlph suhydohqfh/ odvw |hdu suhydohqfh
dqg odvw prqwk suhydohqfh1 Lq prvw vwxglhv lw lv qrw srvvleoh wr vwxg|
sdvw xvh lqghshqghqwo| ri fxuuhqw xvh ehfdxvh odvw prqwk suhydohqfh dx0
wrpdwlfdoo| lpsolhv olihwlph suhydohqfh1 Khuh wkhvh vwdqgdug lqglfdwruv
duh vrphzkdw dgmxvwhg1 Olihwlph suhydohqfh frqfhuqv hyhu xvh xs wr odvw
|hdu/ odvw |hdu suhydohqfh frqfhuqv wkh xvh odvw |hdu xs wr odvw prqwk/
odvw prqwk suhydohqfh frqfhuqv wkh xvh gxulqj odvw prqwk1 Dv vkrzq lq
Wdeoh 5 iru pdohv wredffr olihwlph suhydohqfh lqfuhdvhv zlwk djh1 Iurp
78 |hduv rqzdugv dw ohdvw ;8( ri wkh pdohv kdv hyhu vprnhg1 Iru ih0
pdohv wkhuh lv dq lqfuhdvh xs wr wkh djh fdwhjru| 79 wr 88 |hduv1 Dw
kljkhu djhv ohvv ihpdohv kdyh hyhu vprnhg/ d skhqrphqrq wkdw lv fohduo|
d frkruw hhfw1 Iru prvw djh jurxsv odvw |hdu suhydohqfh lv vxevwdqwldoo|
vpdoohu wkdq olihwlph suhydohqfh lqglfdwlqj wkdw pdq| lqglylgxdov wkdw
hyhu vprnhg kdyh vwrsshg vprnlqj1 Vlqfh wkh glhuhqfhv ehwzhhq odvw
|hdu suhydohqfh dqg odvw prqwk suhydohqfh duh vpdoo qrw pdq| lqglylgx0
dov kdyh vwrsshg uhfhqwo|1 H{fhsw iru wkh |rxqjhvw dqg wkh roghvw wkhuh
lv qrw pxfk glhuhqfh ehwzhhq wkh djh jurxsv lq whupv ri odvw |hdu ru
odvw prqwk suhydohqfh ri wredffr1 Iru dofrkro wkh wkuhh lqglfdwruv duh
qrw yhu| pxfk glhuhqw dqg zlwk wkh h{fhswlrq ri wkh roghvw jurxs ri
ihpdohv qrqh ri wkh suhydohqfh lqglfdwruv lv yhu| pxfk glhuhqw dfurvv
wkh djh jurxsv1 Dssduhqwo|/ wkh xvh ri dofrkro lv d skhqrphqrq wkdw
grhv qrw glhu d orw ehwzhhq srsxodwlrq jurxsv1
D khosixo lqglfdwru wr glvwlqjxlvk ehwzhhq uhjxodu xvh dqg lqflghqwdo
xvh lv zkhwkhu dq lqglylgxdo wkdw kdv hyhu xvhg dofrkro ru wredffr kdv
grqh wklv pruh wkdq 58 wlphv1 Wdeoh 6 jlyhv dq ryhuylhz ri wklv lqwhq0
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vlw| ri xvh lqglfdwru djdlq glvwlqjxlvkhg e| jhqghu dqg djh jurxs1 Iru
wredffr wkh kljk lqwhqvlw| ri xvh lqglfdwru lv vxevwdqwldoo| ehorz wkh olih0
wlph suhydohqfh lqglfdwlqj wkdw d orw ri lqglylgxdov kdyh vprnhg wredffr
lq wkh sdvw exw qrw yhu| iuhtxhqwo|1 Iru dofrkro wkh kljk lqwhqvlw| ri xvh
lqglfdwru lv qrw pxfk glhuhqw iurp wkh olihwlph suhydohqfh lqglfdwlqj
wkdw wkrvh wkdw xvh dofrkro gr wklv rq d yhu| uhjxodu edvlv1
Ilqdoo|/ dq lpsruwdqw lqglfdwru ri wkh xvh ri dofrkro dqg wredffr lv
zkdw lqglylgxdov lqglfdwh dv cqrupdo* xvh1 Wr looxvwudwh wklv L xvh wkh
iroorzlqj yh fdwhjrulhv iru wredffr edvhg rq zkdw lv uhsruwhg dv wkh
qxpehu ri fljduhwwhv/ fljduv ru slshv wkh lqglylgxdo cqrupdoo|* vprnhv
gxulqj d gd|= 3/ 405/ 6043/ 44053/ 53.1 Iru dofrkro L xvh hljkw fdwhjrulhv
edvhg rq zkdw lv uhsruwhg dv wkh qxpehu ri jodvvhv ri dofrkro +ehhu/
zlqh/ jlq, wkh lqglylgxdo cqrupdoo|* gulqnv gxulqj d shulrg ri 63 gd|v
l1h1 d prqwk=
	
3/ 408/ 9049/ 4:064/ 65095/ 960<6/ <70457 dqg 458 ru pruh
gulqnv1 Lq wklv sdshu L irfxv rq lqglylgxdov iurp 59 wr 88 |hduv1 Dprqj
lqglylgxdov ehorz wklv djh udqjh dv zhoo dv dprqj lqglylgxdov deryh wklv
djh udqjh wkhuh duh pdq| qrq0sduwlflsdqwv1 Wdeoh 7 vkrzv iru wkh djh
jurxs 59 wr 88 |hduv wkh glvwulexwlrq vprnlqj dqg gulqnlqj glvwlqjxlvkhg
e| jhqghu1 Lw dsshduv wkdw derxw 93( ri wkh pdohv dqg ihpdohv lq wkh
vdpsoh gr qrw vprnh dq|pruh ru kdyh qhyhu vprnhg1 Ehwzhhq pdohv
dqg ihpdohv wkhuh lv qrw d elj glhuhqfh lq wkh glvwulexwlrq ri vprnlqj
lqwhqvlw|1 Ri wkh pdohv ;( vprnhv pruh wkdq 53 fljduhwwhv shu gd|/ iru
ihpdohv wklv frqfhuqv 8( ri wkh vdpsoh1 Wdeoh 7 dovr lqglfdwhv wkdw iru
wkrvh wkdw vprnh/ wkh dyhudjh qxpehu ri fljduhwwhv shu gd| lv derxw 461
Iru dofrkro wkh glhuhqfhv lq xvh ehwzhhq pdohv dqg ihpdohv duh
odujhu1 Ri wkh pdohv :( lqglfdwh qrw wr gulqn/ zkloh iru ihpdohv wklv lv
49(1 Rq wkh rwkhu kdqg 73( ri wkh pdohv lqglfdwh wr gulqn rq dyhudjh
dw ohdvw rqh jodvv shu gd|/ zkloh iru ihpdohv rqo| 53( lqglfdwh grlqj
wklv1 Wkh dyhudjh xvh iru wkrvh wkdw gulqn lv d olwwoh ryhu 418 jodvv ri
dofrkro shu gd| iru pdohv/ zkloh iru ihpdohv lw lv d olwwoh ohvv wkdq 4 jodvv
ri dofrkro shu gd|1
6 Dofrkro dqg wredffr xvh
614 Vwduwlqj udwhv
Lq wkh vwxg| ri wkh xvh ri dofrkro dqg wredffr L ehjlq zlwk vwduwlqj udwhv1
Iru wklv L dsso| kd}dug udwh dqdo|vlv/ d whfkqltxh wkdw lv iuhtxhqwo| xvhg
lq wkh dqdo|vlv ri oderu pdunhw g|qdplfv1 Odqfdvwhu +4<<3, jlyhv dq


Wkhvh fdwhjrulhv duh dovr xvhg lq ]dunlq hw do1 +4<<;,1 Dqrwkhu zd| wr lqwhusuhw
wkhvh fdwhjrulhv lv= 3/ xs wr 4 gulqn shu zhhn/ iurp 4 gulqn shu zhhn xs wr 4 gulqn
hyhu| rwkhu gd|/ iurp 4 gulqn hyhu| rwkhu gd| xs wr 4 gulqn shu gd|/ 4 wr 5 gulqnv
shu gd|/ 5 wr 6 gulqnv shu gd|/ 6 wr 7 gulqnv shu gd| dqg 7 ru pruh gulqnv shu gd|1
9
h{whqvlyh wuhdwphqw ri wklv w|sh ri prghov1 Ydq ghq Ehuj +5334, suhvhqwv
d uhfhqw ryhuylhz ri gxudwlrq prghov lqfoxglqj d glvfxvvlrq rq wkh xvh
ri elyduldwh gxudwlrq prghov1
Iljxuh 4 vkrzv wkh hpslulfdo vwduwlqj udwhv1 Iljxuh 4d vkrzv wkdw
prvw ri wkh dfwlrq lq whupv ri vwduwlqj wr vprnh lv ehwzhhq djh 47 dqg 4<1
Wkh shdn lq wkh vwduwlqj udwh iru ihpdohv lv dw djh 49/ zkhq doprvw 53(
ri wkh ihpdohv wkdw glg qrw vwduw vprnlqj xqwlo wkhq vwduwhg vprnlqj dw
wkdw djh1 Iru pdohv wkhuh duh shdnv dw djhv 48/ 49 dqg 4;/ zlwk vwduwlqj
udwhv ri doprvw 53(1 Iljxuh 4e vkrzv wkdw dovr iru vwduwlqj wr gulqn
prvw ri wkh dfwlrq lv lq wkh djh udqjh iurp 47 wr 4<1 Wkh gls dw djh
44 lv gxh wr wkh idfw wkdw wkh +ihz, lqglylgxdov wkdw lqglfdwhg wr kdyh
vwduwhg gulqnlqj ehorz djh 43 duh dvvxphg wr kdyh vwduwhg dw djh 431
Iru pdohv wkhuh lv d shdn lq wkh vwduwlqj udwh dw djh 49/ zkhq pruh wkdq
83( wkdw kdyh qrw vwduwhg xqwlo wkhq vwduw gulqnlqj dofrkro dw wkdw djh1
Iru ihpdohv wkhuh duh shdnv lq wkh dofrkro vwduwlqj udwhv ri pruh wkdq
63( dw djh 49 dqg 4;1
Wkh vwduwlqj srlqw lq wkh fxuuhqw dqdo|vlv lv wkh pl{hg sursruwlrqdo
kd}dug prgho zlwk d  h{leoh edvholqh kd}dug1 Glhuhqfhv ehwzhhq lqgl0
ylgxdov lq wkh udwhv e| zklfk wkh| vwduw xvlqj dofrkro dqg wredffr duh
dvvxphg wr eh uhodwhg wr revhuyhg fkdudfwhulvwlfv/ wkh hodsvhg gxudwlrq
ri wlph wkh| duh h{srvhg wr srwhqwldo xvh dqg xqrevhuyhg fkdudfwhulvwlfv1
L wdnh djh 43 wr eh wkh wlph dw zklfk wkh srwhqwldo h{srvxuh wr dofrkro
dqg wredffr vwduwv1
Wkh vwduwlqj udwh iru dofrkro/ dw wlph w frqglwlrqdo rq revhuyhg fkdu0
dfwhulvwlfv { dqg xqrevhuyhg fkdudfwhulvwlfv y  lv vshflhg dv
  Ew m {> y   '   Ew i TE{    n y   +4,
zkhuh   Ew uhsuhvhqwv lqglylgxdo gxudwlrq +djh, ghshqghqfh dqg   uhs0
uhvhqwv d yhfwru ri frh!flhqwv1 L prgho  h{leoh gxudwlrq ghshqghqfh e|
xvlqj d vwhs ixqfwlrq=
  Ew ' i TEP     L  Ew +5,
zkhuh n +@ 4/11/44, lv d vxevfulsw iru djh0lqwhuydo dqg L  Ew duh wlph0
ydu|lqj gxpp| yduldeohv wkdw duh rqh lq vxevhtxhqw djh0lqwhuydov1 L
glvwlqjxlvk 44 djh lqwhuydov ri zklfk 43 duh ri rqh |hdu +djh 43/ 44/ 11/
4<, dqg wkh odvw lqwhuydo lv rshq= 53 |hduv1 Ehfdxvh L dovr hvwlpdwh d
frqvwdqw whup/ L qrupdol}h    ' f1
Wkh lqglylgxdo vwduwlqj udwh iru wredffr lv prghoohg lq wkh vdph zd|
  Ew m {> y   '   Ew i TE{    n y   +6,
:
Wkh frqglwlrqdo ghqvlw| ixqfwlrqv ri wkh frpsohwhg gxudwlrqv ri qrq0xvh
fdq eh zulwwhq dv
i Ew m {> y  '   Ew m {> y   i TE
] 
   Ev m {> y gv iru m ' d> e
+7,
L wdnh wkh srvvleoh fruuhodwlrq ehwzhhq wkh xqrevhuyhg frpsrqhqwv lq wkh
vwduwlqj udwhv iru dofrkro dqg wredffr lqwr dffrxqw e| vshfli|lqj wkh mrlqw
ghqvlw| ixqfwlrq ri wkh wzr gxudwlrqv ri qrq xvh w  dqg w  frqglwlrqdo rq
{ dv




 i  Ew  m {> y  i  Ew  m {> y  gJEy  > y   +8,
L prgho wkh mrlqw glvwulexwlrq ri xqrevhuyhg khwhurjhqhlw| dvvxplqj d
glvfuhwh glvwulexwlrq JEy  > y   zkhuh erwk xqrevhuyhg frpsrqhqwv +udq0
grp hhfwv, kdyh wzr srlqwv ri vxssruw1

Wklv lpsolhv wkdw wkhuh pd|
eh irxu w|shv ri lqglylgxdov wkdw glhu lq wkhlu lqfolqdwlrq wrzdugv wkh
xvh ri dofrkro dqg wredffr=
hEy  ' y   > y  ' y    ' s  hEy  ' y   > y  ' y    ' s 
hEy  ' y   > y  ' y    ' s  hEy  ' y   > y  ' y    ' s  +9,
zkhuh f  s   > q ' > ==> e dqg s  ' i TE  @P i TE  > zlwk
qrupdol}dwlrq   ' f wr kdyh d pxowlqrpldo orjlw vshflfdwlrq1 Wkh
fryduldqfh ri   dqg   htxdov
fryE  >    ' Es  s   s  s  =Ey    y   =Ey    y   
Wkh yduldeohv y  dqg y  duh shuihfwo| fruuhodwhg li s  ' s  ' f ru s  '
s  ' f1 Vr/ lq fdvh ri shuihfw fruuhodwlrq wkh glvwulexwlrq ri xqrevhuyhg
khwhurjhqhlw| kdv wzr srlqwv ri vxssruw1
Wkh h{sodqdwru| yduldeohv duh hgxfdwlrq dqg uholjlrq1 Kljkhu hgx0
fdwhg lqglylgxdov pd| eh pruh lqiruphg derxw khdowk sureohpv uhodwhg
wr vprnlqj ru khdowk ehqhwv uhodwhg wr gulqnlqj1 Uholjlrq pd| kdyh d
qhjdwlyh hhfw rq vprnlqj dqg gulqnlqj iru reylrxv uhdvrqv1
Wkh dqdo|vlv lv grqh vhsdudwho| iru pdohv dqg ihpdohv dqg wdnhv df0
frxqw ri wkh idfw wkdw vrph lqglylgxdov kdyh qrw vwduwhg xvlqj dofrkro ru
!
Khfnpdq dqg Vlqjhu +4<;7, vxjjhvw wkdw iru xqrevhuyhg khwhurjhqhlw| lq kd}dug
udwh prghov glvfuhwh glvwulexwlrqv fdq dssur{lpdwh dq| duelwudu| glvwulexwlrq ixqf0
wlrq J1 Ydq ghq Ehuj hw do1 +5337, suhvhqw d uhfhqw dqdo|vlv lq zklfk wkh glvwulexwlrq
ri xqrevhuyhg khwhurjhqhlw| lq d elyduldwh gxudwlrq prgho lv glvfuhwh1 Wkh vwduwlqj
srlqw lv d glvfuhwh glvwulexwlrq zlwk irxu srlqwv ri vxssruw1 Lq wkh hpslulfdo dqdo|0
vlv rqo| wzr srlqwv duh lghqwlhg1 Pur} +4<<<, glvfxvvhv wkh xvh ri glvfuhwh idfwru
dssur{lpdwlrqv lq vlpxowdqhrxv htxdwlrq prghov1
;
wredffr dw wkh wlph ri wkh vxuyh| exw pd| vwduw lq wkh ixwxuh/ l1h1 wkhlu
gxudwlrqv ri qrq0xvh duh uljkw0fhqvruhg1 Wkh sdudphwhuv duh hvwlpdwhg
xvlqj wkh phwkrg ri pd{lpxp olnholkrrg1 Wkh sdudphwhu hvwlpdwhv duh
vkrzq lq Wdeoh 81
"
Erwk vwduwlqj udwhv kdyh wzr pdvv srlqwv/ exw wkh| duh shuihfwo| fru0
uhodwhg1
#
Iru wredffr rqh ri wkh pdvv srlqwv jrhv wr plqxv lqqlw| zklfk
lqglfdwhv wkdw wkhuh lv d jurxs ri phq wkdw zloo qhyhu vwduw vprnlqj1 Iru
dofrkro wkh vhfrqg pdvv srlqw lv vljqlfdqwo| orzhu wkdq wkh uvw pdvv
srlqw1
$
Wkh sdudphwhu ri wkh pdvv srlqw glvwulexwlrq lqglfdwhv wkdw 0
frqglwlrqdo rq wkh revhuyhg fkdudfwhulvwlfv dqg wkh sdwwhuq ri gxudwlrq
ghshqghqfh 0 wkhuh lv d jurxs uhsuhvhqwlqj ;:( ri wkh phq/ zklfk kdyh
srvlwlyh vwduwlqj udwhv iru erwk wredffr dqg dofrkro1 Wkh uhpdlqlqj
jurxs ri 46( ri wkh phq kdyh d orz vwduwlqj udwh iru dofrkro dqg d }hur
vwduwlqj udwh iru wredffr1
Iru pdohv qrqh ri wkh frh!flhqwv ri wkh h{sodqdwru| yduldeohv lv gli0
ihuhqw iurp }hur dw frqyhqwlrqdo ohyhov ri vljqlfdqfh1 Wkh sdwwhuq ri
gxudwlrq ghshqghqfh uhyhdov wkdw wkh pd{lpxp vwduwlqj udwh iru wredffr
lv dw djh 4;/ zkloh iru dofrkro wkh pd{lpxp vwduwlqj udwh lv dw djh 491
Iru ihpdohv hgxfdwlrq lv qhjdwlyho| uhodwhg wr wkh vwduwlqj udwh iru
wredffr dqg srvlwlyho| uhodwhg wr wkh vwduwlqj udwh ri dofrkro1 Ixuwkhu0
pruh/ Fdwkrolf dqg Surwhvwdqw ihpdohv duh ohvv olnho| wr vwduw vprnlqj
wkdq ihpdohv zlwk qr uholjlrq ru d glhuhqw w|sh ri uholjlrq1 Frqgl0
wlrqdo rq wkhlu revhuyhg fkdudfwhulvwlfv/ wkh shdn ri wkh ihpdoh vwduwlqj
udwhv iru wredffr dqg dofrkro lv dw djh 491 Frqglwlrqdo rq wkh revhuyhg
fkdudfwhulvwlfv dqg wkh djh ghshqghqfh wkhuh lv qr fohdu hylghqfh ri wkh
suhvhqfh ri xqrevhuyhg fkdudfwhulvwlfv1 Wkh vhfrqg pdvv srlqw iru wkh
dofrkro vwduwlqj udwh lv qrw vljqlfdqwo| glhuhqw iurp wkh uvw rqh dqg
zkhq ljqrulqj wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw| wkh ydoxh ri wkh
orjolnholkrrg grhv qrw fkdqjh yhu| pxfk1
&%
615 Fxuuhqw xvh ri dofrkro dqg wredffr
Wkh hpslulfdo dqdo|vlv frqwlqxhv zlwk dq lqyhvwljdwlrq ri wkh ghwhupl0
qdqwv ri wkh lqwhqvlw| ri fxuuhqw xvh frqfhuqlqj wredffr dqg dofrkro1
'
Qrwh wkdw lq vwhdg ri hvwlpdwlqj y ( wkh glhuhqfh y (  y ) lv hvwlpdwhg1*
Dwwhpswv wr lghqwli| pruh wkdq wzr pdvv srlqwv idlohg1 Wklv lv suredeo| gxh wr
wkh idfw wkdw vprnlqj zlwkrxw dofrkro xvh uduho| rffxuv1+
Wkh Olnholkrrg Udwlr whvw vwdwlvwlf frpsdulqj d prgho zlwk dqg zlwkrxw xq0
revhuyhg khwhurjhqhlw| lv htxdo wr 4:17/ zklfk zrxog eh vljqlfdqw dw d 4( ohyho
dqg 6 ghjuhhv ri iuhhgrp +wkh fulwlfdo "
(,- , ) @ 44=6,1 Krzhyhu/ qrwh wkdw d irupdo
OUwhvw lv sureohpdwlf vlqfh rqh ri wkh sdudphwhuv +s, lv qrw lghqwlhg xqghu wkh
qxoo k|srwkhvlv1/.
Wkh irupdo OU whvw vwdwlvwlf @ 819/ zklfk zrxog qrw eh glhuhqw iurp }hur dw d
8(0ohyho ri vljqlfdqfh1
<
Wkh lqwhqvlw| ri xvh lv dvvxphg wr ghshqg rq shuvrqdo fkdudfwhulvwlfv
dqg zkhwkhu ru qrw dq lqglylgxdo vwduwhg xvlqj wredffr ru dofrkro hduo|
rq/ wkdw lv ehiruh wkh djh ri 49=
*?E|10 n  '    n   { 0 n   }10 n %0 iru m ' d> e +:,
zkhuh | lv wkh lqwhqvlw| ri xvh ri wredffr ru dofrkro ri shuvrq l1 Wkh
orjdulwkplf vshflfdwlrq uhgxfhv wkh lq xhqfh ri rxwolhuv/ dffrxqwv iru
qrq0olqhdulw| dqg iru wkh idfw wkdw wkh lqwhqvlw| ri xvh lv qrq0qhjdwlyh1
Ixuwkhupruh/ { uhsuhvhqwv d yhfwru ri shuvrqdo fkdudfwhulvwlfv1 Lq wkh
dqdo|vlv ri vwduwlqj udwhv rqo| d olplwhg qxpehu ri fkdudfwhulvwlfv frxog
eh wdnhq lqwr dffrxqw ehfdxvh lw frqfhuqhg surfhvvhv lq wkh sdvw1 Khuh/
dgglwlrqdo yduldeohv olnh idplo| srvlwlrq dqg vrflrhfrqrplf srvlwlrq fdq
dovr eh wdnhq lqwr dffrxqw1 Lqwhqvlw| ri vprnlqj dqg gulqnlqj fkdqjhv
ryhu wkh olih f|foh exw dovr idplo| srvlwlrq pd| eh uhohydqw1 Lqglylgxdov
zlwk d sduwqhu dqg2ru zlwk fkloguhq pd| dgmxvw wkhlu vprnlqj ehkdy0
lru wr dyrlg qhjdwlyh khdowk sureohpv +sdvvlyh vprnlqj, iru wkhlu idplo|
phpehuv1 Lqglylgxdov zlwk d orz vrflrhfrqrplf vwdwxv pd| vprnh pruh
ehfdxvh wkh| duh ohvv dzduh ri khdowk sureohpv uhodwhg wr vprnlqj1 Il0
qdoo|/ } uhsuhvhqwv hduo| dofrkro ru wredffr xvh/  duh sdudphwhuv ri
lqwhuhvw dqg % lv wkh huuru whup1 Wdeoh 9 vkrzv wkh hvwlpdwlrq uhvxowv1
Iru pdohv djh kdv d srvlwlyh hhfw rq wredffr xvh dowkrxjk wkh frhi0
flhqw lv vljqlfdqw rqo| dw wkh 43( ohyho1 Wklv lv suredeo| uhodwhg wr d
frkruw hhfw1 Hgxfdwlrq grhv qrw kdyh dq hhfw exw pdohv zlwk sduwqhuv
vprnh ohvv wkdq wkhlu frxqwhusduwv gr1 Qhlwkhu wkh suhvhqfh ri fkloguhq
lq wkh idplo| qru uholjlrq dhfwv wkh vprnlqj ehkdylru ri pdohv1 Pdohv
zlwk d orz vrflrhfrqrplf vwdwxhv vprnh pruh wkdq pdohv zlwk d kljkhu
vrflrhfrqrplf vwdwxv1 Ilqdoo|/ pdohv wkdw vwduw hduo|/ l1h1 ehjlq vprnlqj
ehiruh djh 49 kdyh d vljqlfdqw kljkhu wredffr xvh wkdq lqglylgxdov wkdw
vwduw odwhu rq +ru gr qrw vwduw dw doo,1 Frqfhuqlqj dofrkro xvh ri pdohv
rqo| djh dqg hduo| vwduw kdyh d +srvlwlyh, hhfw1
E| dqg odujh ihpdohv kdyh vlplodu ghwhuplqdqwv1 Ihpdohv vprnh pruh
li wkh| duh orz hgxfdwhg/ kdyh qr sduwqhu/ kdyh d orz vrflrhfrqrplf
vwdwxhv ru zhuh dq hduo| vprnhu1 Wkh| gulqn pruh dw kljkhu djh dqg li
wkh| vwduwhg gulqnlqj hduo| lq olih1 Fdwkrolf dqg Surwhvwdqw ihpdohv gulqn
ohvv wkdq ihpdohv zlwkrxw uholjlrq ru zlwk d glhuhqw w|sh ri uholjlrq/
zkloh uholjlrq grhv qrw dhfw vprnlqj ehkdylru1
7 Zdjh hhfwv ri wredffr dqg dofrkro xvh
714 ROV sdudphwhu hvwlpdwhv
Wr lqyhvwljdwh wkh hhfw ri wkh xvh ri dofrkro dqg wredffr rq zdjhv L xvh d
uhvwulfwhg gdwdvhw ri zklfk wkh pdlq fkdudfwhulvwlfv duh dovr vkrzq lq wkh
43
Dsshqgl{1 Wkh krxuo| zdjh lv fdofxodwhg dv wkh udwlr ri shuvrqdo lqfrph
dqg qxpehu ri zrunlqj krxuv1 L uhvwulfwhg wkh vdpsoh wr lqglylgxdov
lqglfdwlqj wr zrun ehwzhhq 43 dqg 93 krxuv shu zhhn1

Ixuwkhupruh/ L
rqo| xvhg lqirupdwlrq derxw lqglylgxdov iru zklfk wkh krxuo| zdjh zdv
dw ohdvw 43 jxloghuv dqg dw prvw :3 jxloghuv1
 
Dv vkrzq lq Wdeoh D5 wkh
dyhudjh krxuo| zdjhv duh derxw 66 jxloghuv iru pdohv dqg 5< jxloghuv iru
ihpdohv1 Wkh zdjh htxdwlrqv duh vshflhg dv=
z 0 '   n   { 0 n   h| 0 n   h| 20 n  0 +;,
zkhuh z uhsuhvhqwv orj krxuo| zdjhv/ { uhsuhvhqwv shuvrqdo fkdudfwhu0
lvwlfv +djh dqg hgxfdwlrq, dqg h|  dqg h|  duh lqglfdwruv ri wkh lqwhqvlw|
ri wredffr dqg dofrkro xvh1 Ixuwkhupruh/  lv wkh huuru whup ri zklfk
L lqlwldoo| dvvxph wkdw lw lv l1l1g1 dqg  lv wkh yhfwru ri sdudphwhuv ri
lqwhuhvw1
L vwduw zlwk hvwlpdwhv lq zklfk wkh lqglfdwru ri wredffr dqg dofrkro
xvh duh vshflhg xvlqj d qxpehu ri gxpp| yduldeohv uhsuhvhqwlqj wkh
fdwhjrulhv vshflhg lq Wdeoh 71
 
Wkh hvwlpdwlrq uhvxowv duh vkrzq lq
Wdeoh :1 Lw dsshduv wkdw djh kdv d srvlwlyh hhfw rq wkh zdjhv ri erwk
pdohv dqg ihpdohv1 Iru hyhu| |hdu wkh| jurz roghu pdoh zdjh lqfuhdvhv
zlwk 415(/ zkloh ihpdohv h{shulhqfh dq dqqxdo zdjh lqfuhdvh ri 319(1
 
Kljko| hgxfdwhg lqglylgxdov hduq derxw 68(pruh wkdq lqglylgxdov zlwk0
rxw hgxfdwlrq1 Wredffr xvh kdv d qhjdwlyh hhfw rq wkh krxuo| zdjh udwh
ri pdohv/ dowkrxjk rqo| iru wkh fdwhjru| 6 wr 43 fljduhwwhv shu gd| wklv
hhfw lv glhuhqw iurp }hur dw d 8( ohyho ri vljqlfdqfh1 Iru wklv fdw0
hjru| wkh krxuo| zdjh lv derxw 44( orzhu wkdq lw lv iru qrq0vprnhuv1
Dofrkro xvh kdv d srvlwlyh hhfw rq wkh pdoh zdjh udwh/ dowkrxjk iru wkh
fdwhjru| 408 jodvvhv shu prqwk dqg pruh wkdq 453 jodvvhv shu prqwk
wkh hhfw grhv qrw glhu vljqlfdqwo| iurp }hur dw d 8( ohyho1 Wkh shdn
ri wkh hhfw lv iru wkh fdwhjru| 960<6 jodvvhv shu prqwk/ zklfk kdv d
zdjh wkdw lv derxw 5:( kljkhu wkdq zdjhv rq qrq0gulqnhuv1 Iru ihpdohv
wkhuh lv kdugo| dq| hhfw ri dofrkro ru wredffr xvh1 Wkh h{fhswlrq lv wkh
fdwhjru| ri khdy| gulqnhuv wkdw kdv d zdjh wkdw lv 59( kljkhu wkdq wkh
zdjh ri qrq0gulqnlqj ihpdohv/ dowkrxjk wkh uhohydqw frh!flhqw lv rqo|
vljqlfdqw dw d 43(0ohyho1
Iurp Wdeoh : L frqfoxgh wkdw iru pdohv zdjhv duh dhfwhg e| erwk
vprnlqj dqg gulqnlqj zkloh iru ihpdohv wklv grhv qrw vhhp wr eh wkh
3
Rqh lqglylgxdo lqglfdwhg wr zrun 453 krxuv shu zhhn1&
D jxloghu lv htxlydohqw wr 3177 Hxur1/
Wr dffrxqw iru srvvleoh vhohfwlrq eldv gxh wr wkh idfw wkdw qrw hyhu| lqglylgxdo
lq wkh vdpsoh kdv d mre L glg vhsdudwh hvwlpdwhv dgglqj Khfnpdq*v vdpsoh vhohfwlrq
whup exw glg qrw qg d vljqlfdqw sdudphwhu frqqhfwhg wr wklv whup1/
Wkh frh!flhqwv ri d txdgudwlf whup gr qrw glhu vljqlfdqwo| iurp }hur1
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fdvh1 Ixuwkhupruh/ lw vhhpv dv li wkh hhfw ri erwk dofrkro dqg wredffr
rq wkh zdjhv ri pdohv lv qrqolqhdu1 Wr lqyhvwljdwh wklv lq pruh ghwdlo
L glvwlqjxlvk wzr vshflfdwlrqv ri xvh1 Wkh uvw dqg irxuwk froxpq lq
wkh xsshu sduw ri Wdeoh ; uhsruw hvwlpdwhv ri zdjh htxdwlrqv lq zklfk
wredffr xvh dqg dofrkro xvh duh vshflhg dv frqwlqxrxv yduldeohv= h| 0 '
*?E| 0 n ( h| 20 ' *?E| /0 n = Lq rwkhu zrugv wkh ghshqghqw yduldeohv lq
htxdwlrq +:, duh h{sodqdwru| yduldeohv lq htxdwlrq +;,1 Wkh frh!flhqwv
ri djh dqg hgxfdwlrq duh doprvw wkh vdph dv wkrvh lq Wdeoh :1 Wredffr
xvh kdv d vljqlfdqw qhjdwlyh hhfw dqg dofrkro xvh kdv d vljqlfdqw
srvlwlyh hhfw rq wkh krxuo| zdjh ri pdohv1 Wkh sdudphwhu hvwlpdwhv iru
ihpdohv zdjhv lqglfdwh wkdw wredffr xvh kdv qr hhfw/ zkloh dofrkro xvh
kdv d srvlwlyh hhfw1 Wklv odwwhu hhfw kdv wr gr zlwk wkh odujh srvlwlyh
zdjh hhfw ri khdy| gulqnlqj +vhh Wdeoh :,1
Wkh uvw dqg irxuwk froxpq lq wkh orzhu sduw ri Wdeoh ; frqfhuq zdjh
htxdwlrqv zkhuh wredffr xvh dqg dofrkro xvh duh vshflhg dv gxpp|
yduldeohv= h| 0 ' LE| 0 A f( h| 20 ' LE| 20 A f= Wkh sdudphwhu hvwlpdwhv
vkrz wkdw frqglwlrqdo rq wkhlu rwkhu fkdudfwhulvwlfv pdohv wkdw vprnh
kdyh dq krxuo| zdjh wkdw lv derxw 9( orzhu wkdq wkdw ri qrq0vprnhuv1
Dofrkro gulqnhuv kdyh d zdjh wkdw lv derxw 46( kljkhu wkdq wkh zdjh
ri devwdlqhuv1
3	
Dw uvw vljkw lw pd| vhhp vwudqjh wkdw iru pdohv wkh
odujhvw qhjdwlyh hhfw ri wredffr xvh lv iru wkrvh wkdw vprnh 6043 fljd0
uhwwhv shu gd|/ zkloh iru wkrvh wkdw vprnh pruh wkdq 53 fljduhwwhv shu
gd| wkh hhfw lv lqvljqlfdqwo| qhjdwlyh1 Krzhyhu/ zkhq L hvwlpdwh d
vhsdudwh frh!flhqw ri d gxpp| yduldeoh ri khdy| vprnlqj lq dgglwlrq
wr d gxpp| yduldeoh lqglfdwlqj vprnlqj wkh frh!flhqw ri khdy| vprnlqj
grhv qrw glhu vljqlfdqwo| iurp }hur1 Wklv lqglfdwhv wkdw frqglwlrqdo rq
wkh revhuyhg shuvrqdo fkdudfwhulvwlfv wkh zdjh ri khdy| vprnhuv lv qrw
glhuhqw iurp wkh zdjh ri oljkw vprnhuv1 Ihpdoh zdjhv duh qrw dhfwhg
e| dofrkro xvh ru wredffr xvh1
715 5VOV sdudphwhu hvwlpdwhv
Dowkrxjk lw vhhpv dv li gulqnlqj kdv d srvlwlyh hhfw rq pdoh zdjhv
dqg vprnlqj kdv d qhjdwlyh hhfw lw fdqqrw eh uxohg rxw wkdw wkhuh duh
xqrevhuyhg ghwhuplqdqwv wkdw vlpxowdqhrxvo| dhfw vprnlqj/ gulqnlqj
dqg zdjhv1 Li wkdw lv wkh fdvh lw frxog eh wkdw wkh wuxh fdxvdo hhfwv glhu
iurp wkh hhfwv suhvhqwhg lq wkh suhylrxv vxevhfwlrq1 Wr dffrxqw iru wkh
hhfwv ri xqrevhuyhg khwhurjhqhlw| dqg srvvleoh hqgrjhqhlw| ri vprnlqj
dqg gulqnlqj L vwduw zlwk wudglwlrqdo 5VOV hvwlpdwlrq surfhgxuhv1
 

L wulhg zkhwkhu vprnlqj 405 fljduhwwhv shu gd| ru gulqnlqj khdylo| frqwulexwhg
wr wkh h{sodqdwlrq ri wkh zdjh exw lq qhlwkhu fdvh L irxqg vljqlfdqw frh!flhqwv1 L
dovr lqyhvwljdwhg zkhwkhu wkh vl}h ri wkh hhfwv ri vprnlqj dqg gulqnlqj lv uhodwhg wr
wkh hgxfdwlrqdo ohyho exw irxqg qr hylghqfh ri wklv1
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Lq vhdufk iru lqvwuxphqwdo yduldeohv/ l1h1 yduldeohv wkdw dhfw guxj xvh
exw gr qrw gluhfwo| dhfw zdjhv/ L xvh wkh hvwlpdwlrq uhvxowv suhvhqwhg
lq Wdeoh 91 Iurp wklv wdeoh lw dsshduv wkdw csduwqhu* dqg chduo| vwduw*
dhfw erwk wredffr xvh dqg dofrkro xvh1 L dvvxph wkdw wkhvh yduldeohv
gr qrw gluhfwo| dhfw wkh zdjh udwh vr wkh| fdq eh xvhg dv lqvwuxphqwv
iru dofrkro xvh dqg wredffr xvh1 Wkh uvw dqg vhfrqg froxpq ri wkh
xsshu sduw ri Wdeoh < suhvhqw wkh hvwlpdwlrq uhvxowv1 Wkh uvw froxpq
vkrzv wkdw iru ihpdohv wkh frh!flhqwv iru dofrkro ru wredffr duh qrw
vljqlfdqwo| glhuhqw iurp }hur1 Wklv ehlqj wkh fdvh wkh uhpdlqghu ri
wkh sdshu irfxvhv rq wkh zdjhv ri pdohv1
Wkh vhfrqg froxpq ri Wdeoh < vkrzv wkdw dovr diwhu dffrxqwlqj iru
srwhqwldo hqgrjhqhlw|/ rq zdjhv ri pdohv wredffr xvh kdv d qhjdwlyh hhfw
zkloh dofrkro xvh kdv d srvlwlyh hhfw1 Wkh sureohp zlwk wkhvh sdudphwhu
hvwlpdwhv lv wkdw wkh hvwlpdwhg frh!flhqwv iru wredffr dqg dofrkro duh
yh wlphv dv odujh dv wkh sdudphwhu hvwlpdwhv suhvhqwhg lq Wdeoh ;1
 
Vr/
olnh suhylrxv vwxglhv L qg wkdw 5VOV0hvwlpdwhv jhqhudwh d kxjh lqfuhdvh
lq wkh hvwlpdwhg hhfw ri dofrkro rq pdoh zdjhv1
 "
Wkh wklug froxpq
vkrzv wkh hvwlpdwlrq uhvxowv li rqo| csduwqhu* dqg chduo| vwduw dofrkro
xvh* duh lqvwuxphqwv1 Qrz/ wkh frh!flhqw ri wredffr xvh grxeohv zkloh
wkh frh!flhqw ri dofrkro xvh lv kdugo| dhfwhg1 Lw pd| eh wkdw csduwqhu*
lv qrw d jrrg lqvwuxphqw dv lw pd| kdyh d gluhfw hhfw rq zdjhv dqg qrw
mxvw wkurxjk wkh gulqnlqj dqg vprnlqj ehkdylru1 Wkhuhiruh/ lq wkh orzhu
sduw ri Wdeoh < sdudphwhu hvwlpdwhv duh suhvhqwhg li csduwqhu* lv uhsodfhg
e| rwkhu lqvwuxphqwv1 Wkh uvw froxpq vkrzv wkh sdudphwhu hvwlpdwhv
zlwk cfkloguhq* dv lqvwuxphqwdo yduldeoh1 Wkh sdudphwhu hvwlpdwhv iru
wredffr xvh dqg dofrkro xvh gr qrw fkdqjh d orw1 Wkh vhfrqg froxpq ri
wkh orzhu sduw ri Wdeoh < vkrzv wkdw wkh sdudphwhu hvwlpdwhv duh yhu|
vlplodu li corz vrflrhfrqrplf vwdwxv* lv xvhg dv dq lqvwuxphqw1 Wkh wklug
froxpq ri wkh orzhu sduw ri Wdeoh < vkrzv wkdw wkh sdudphwhu hvwlpdwhv
ri dofrkro xvh dqg wredffr xvh gr qrw fkdqjh d orw li csduwqhu* lv qr orqjhu
&!
D Kdxvpdq whvw iru ryhulghqwlfdwlrq kdv d ydoxh ri 61681 Vlqfh wkh fulwlfdo
"
(,- ,14 @ 6=;71 L fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkhuh duh qr h{rjhqrxv yduldeohv lq
wkh prgho wkdw kdyh ehhq lqdssursuldwho| rplwwhg iurp wkh zdjh htxdwlrq1 D OU0
vwdwlvwlf frpsdulqj wkh uhgxfhg irup zdjh htxdwlrq zlwk dqg zlwkrxw wkh lqvwuxphqwv
kdv d ydoxh ri 461;1 Wdeoh 9 vkrzv wkh uhodwlrqvkls ehwzhhq wkh lqvwuxphqwdo yduldeohv
dqg wkh hqgrjhqrxv yduldeohv lq wkh zdjh htxdwlrq1&'
Dxog +4<<;, vwuhvvhv wkdw lw lv lpsruwdqw wr wdnh vlpxowdqhlw| lqwr dffrxqw1 Zdjh
+ru udwkhu lqfrph, dhfwv wkh xvh ri dofrkro dqg wredffr dv zhoo dv wkh rwkhu zd|
durxqg1 Li dofrkro lv d qrupdo jrrg dqg wredffr lv dq lqihulru jrrg dqg wkh| duh
qhyhuwkhohvv wuhdwhg dv h{rjhqrxv dofrkro zloo kdyh d srvlwlyh hhfw rq zdjhv dqg
wredffr d qhjdwlyh hhfw1 Wr wdnh dffrxqw ri wklv ihhgedfn phfkdqlvp L shuiruphg
6VOV hvwlpdwhv/ exw wkh uhvxowv duh yhu| pxfk wkh vdph dv wkrvh ri wkh 5VOV hvwl0
pdwhv1
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h{foxghg lq wkh zdjh uhjuhvvlrq1
 #
Lq doo 5VOV0hvwlpdwhv wkh zdjh hhfwv ri dofrkro xvh dqg wredffr xvh
duh lpsodxvleo| odujh1 Dssduhqwo|/ lw lv gl!fxow wr qg jrrg lqvwuxphq0
wdo yduldeohv1 Lq wkh xvxdo dqdo|vlv wkh vhohfwlrq htxdwlrq uhodwhv wkh
hqgrjhqrxv yduldeohv lq wkh zdjh htxdwlrq wr d vhw ri lqvwuxphqwdo ydul0
deohv wkdw duh uhodwhg wr wkh hqgrjhqrxv yduldeohv exw duh qrw gluhfwo|
uhodwhg wr wkh zdjh1 Lqvwuxphqwdo yduldeohv duh xvhg dv dq dssur{lpd0
wlrq wr udqgrpl}hg wuldov +Dqjulvw dqg Nuxhjhu/ 5334,1 Wkh ydolglw| ri
dq lqvwuxphqwdo yduldeoh hvwlpdwlrq ghshqgv fuxfldoo| rq wkh dvvxpswlrq
wkdw wkh lqvwuxphqwv duh xqfruuhodwhg zlwk rwkhu odwhqw fkdudfwhulvwlfv
ri lqglylgxdov wkdw pd| dhfw wkhlu hduqlqjv1 Krzhyhu/ hyhq wkh xvh ri
lghqwlfdo wzlqv grhv qrw jr zlwkrxw glvfxvvlrq vlqfh wkhlu delolwlhv pd|
glhu/ eldvlqj wkh hvwlpdwhv +Fdug/ 4<<<,1 Wkh hhfw ri iru h{dpsoh do0
frkro xvh rq wkh zdjh lv lghqwlhg li wkh uhvhdufkhu kdv dq lqvwuxphqwdo
yduldeohv olnh iru h{dpsoh looqhvvhv1 Hyhq wkhq/ lghqwlfdwlrq ghshqgv
fuxfldoo| rq wkh dvvxpswlrq wkdw looqhvvhv gr qrw gluhfwo| dhfw wkh zdjh
exw rqo| kdyh dq lqgluhfw hhfw wkurxjk dofrkro xvh1 E| wkh qdwxuh ri
wkh sureohp wklv dvvxpswlrq fdqqrw eh whvwhg1 Lw lv zhoo0nqrzq wkdw
lq vwxglhv wkdw uhodwh zdjhv wr dofrkro xvh lw lv gl!fxow wr qg dssur0
suldwh lqvwuxphqwv1 Iuhqfk dqg ]dunlq +4<<8, iru h{dpsoh rqo| uhsruw
ROV sdudphwhu hvwlpdwhv ehfdxvh ri wkh odfn ri uhdvrqdeoh lqvwuxphqwv1
]dunlq hw do1 +4<<;, shuirup 5VOV exw gr qrw uhsruw wkh uhvxowv wkh
hvwlpdwhv zhuh lpsodxvleo| odujh1
 $
Dxog +4<<;, qgv wkdw 5VOV dqg
6VOV hvwlpdwhv ri wkh zdjh hhfwv ri vprnlqj dqg gulqnlqj duh irxu wr
yh wlphv dv odujh dv ROV hvwlpdwhv1
 %
Wkhuhiruh/ lq wkh qh{w vxevhfwlrq
L suhvhqw dq dowhuqdwlyh surfhgxuh wr fruuhfw iru wkh hhfw ri xqrevhuyhg
khwhurjhqhlw|1
/*
Dowkrxjk wkh frh!flhqw ri wredffr xvh lv qrz hvwlpdwhg zlwk ohvv suhflvlrq wkdq
ehiruh1&+
]dunlq hw do1 +4<<;, uh0hvwlpdwhg dq dxjphqwhg zdjh htxdwlrq wkdw lqfoxghg wkhlu
lqvwuxphqwv1 Wkh| uhsruw wkdw wkh dofrkro xvh frh!flhqwv zhuh hvvhqwldoo| xqfkdqjhg
iurp wkh ROV vshflfdwlrq1 Li L gr wklv iru wkh zdjh htxdwlrq zlwk gxpp| yduldeohv
iru dofrkro xvh dqg wredffr xvh dqg dgg dv lqvwuxphqwv csduwqhu* dqg chduo| xvh ri
dofrkro* L qg d frh!flhqw +devroxwh w0ydoxh, ri 31438 +514, iru dofrkro xvh dqg 03137:
+41;, iru wredffr xvh1 Vr khuh wrr wkh ROV sdudphwhu hvwlpdwhv duh kdugo| dhfwhg
e| wkh lqfoxvlrq ri lqvwuxphqwdo yduldeohv15.
Dffruglqj wr Dxog +4<<;, wkhvh uhvxowv duh gl!fxow wr lqwhusuhw iru srolf| sxu0
srvhv ehfdxvh wkh hvwlpdwhg hhfwv ri vxevwdqfh xvh ehkdylru duh wrr odujh wr sodx0
vleo| lqwhusuhwhg dv fdxvdo hhfwv1
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716 Dq dowhuqdwlyh zd| wr fruuhfw iru xqrevhuyhg
khwhurjhqhlw|
Wkh vwduwlqj srlqw ri wkh dowhuqdwlyh dqdo|vlv lv wkh dvvxpswlrq wkdw
srvvleoh xqrevhuyhg fkdudfwhulvwlfv ri lqglylgxdov wkdw dhfw wkhlu zdjhv
iroorz d glvfuhwh glvwulexwlrq zlwk dq xqnqrzq qxpehu ri srlqwv ri vxs0
sruw1
z 0 '   { 0 n   h| &0 n   h| 30 n  0 n  0 +<,
zkhuh  0 lv d udqgrp hhfw1 Dv lq Pur} +4<<<, dgglwlrqdo srlqwv ri
vxssruw duh dgghg lq d vwhszlvh pdqqhu1 Wkh vhfrqg froxpq ri Wdeoh ;
vkrzv wkh sdudphwhu hvwlpdwhv ri vxfk d zdjh htxdwlrq li  0 lv dvvxphg
wr kdyh wzr srlqwv ri vxssruw +  >   > zlwk hE 0 '    ' s dqg hE 0 '
   '   s= Khuh s kdv d orjlw vshflfdwlrq zlwk s ' 6/78:9 ;=<5>3? 6/78:9 ;=<5> dqg
ehfdxvh ri wkh suhvhqfh  qr frqvwdqw lv hvwlpdwhg +  ' f= Dv vkrzq
wkhuh lv d vpdoo suredelolw| +4(, wkdw dq lqglylgxdo kdv d pxfk kljkhu
zdjh +derxw grxeoh, wkdq wkh uhvw ri wkh lqglylgxdov1
 
Wkh sdudphwhu
hvwlpdwhv ri dofrkro xvh dqg wredffr xvh duh qrw yhu| pxfk lq xhqfhg
e| wkh lqwurgxfwlrq ri wkh udqgrp hhfwv1
Wkh wklug froxpq ri Wdeoh ; vkrzv wkh sdudphwhu hvwlpdwhv li 
lv dvvxphg wr kdyh wkuhh srlqwv ri vxssruw1 +  >   >   > zlwk hE 0 '
   ' s  / hE 0 '    ' s  dqg hE 0 '    ' s  = Qrz f  s  
> q ' > ==> 1 dqg s  ' i TE  @E n P i TE  > qrupdol}lqj   ' f/
wr kdyh d pxowlqrpldo orjlw vshflfdwlrq1 Dv vkrzq/ djdlq wkh sdudphwhu
hvwlpdwhv lqfoxglqj wkh rqhv ri dofrkro xvh dqg wredffr xvh duh qrw yhu|
pxfk dhfwhg1 Wkh suhflvlrq ri wkh sdudphwhu hvwlpdwh ri dofrkro xvh
idoov vrphzkdw1

Iurp wkhvh hvwlpdwlrq uhvxowv lw lv fohdu wkdw wkhuh duh xqrevhuyhg
fkdudfwhulvwlfv ri lqglylgxdov wkdw dhfw wkhlu zdjhv1 Lq Vhfwlrq 6 lw
zdv vkrzq wkdw wkhuh duh dovr xqrevhuyhg fkdudfwhulvwlfv wkdw dhfw wkh
vwduwlqj udwhv zlwk uhvshfw wr wkh frqvxpswlrq ri dofrkro dqg wredffr1
Wdnlqj d srvvleoh fruuhodwlrq ehwzhhq wkh xqrevhuyhg fkdudfwhulvwlfv ri
wkh ydulrxv surfhvvhv lqwr dffrxqw lv dq dowhuqdwlyh zd| wr dffrxqw iru
vsxulrxv hhfwv ri dofrkro xvh dqg wredffr xvh rq zdjhv1
Wkh vwduwlqj srlqw ri wkh dqdo|vlv lv d irxu srlqw glvwulexwlrq ri xqre0
vhuyhg khwhurjhqhlw| iru erwk wkh zdjh htxdwlrqv dqg wkh vwduwlqj udwhv

Wkh Olnholkrrg Udwlr whvw vwdwlvwlf frpsdulqj d prgho zlwk dqg zlwkrxw wkh
udqgrp hhfwv lv htxdo wr :1; iru wkh xsshu sduw ri Wdeoh ; dqg ;1; iru wkh orzhu
sduw/ zklfk zrxog eh vljqlfdqw dw d 8( ohyho dqg 5 ghjuhhv ri iuhhgrp +wkh fulwlfdo
"
(,- ,14 @ 9=3,1 Krzhyhu/ qrwh djdlq wkdw d irupdo OUwhvw lv sureohpdwlf vlqfh rqh ri
wkh sdudphwhuv +s, lv qrw lghqwlhg xqghu wkh qxoo k|srwkhvlv13
Dv vkrzq lq irrwqrwhv g dqg h ri Wdeoh ; lqwurgxflqj irxu pdvv srlqwv rqo| lp0
suryhv wkh hvwlpdwlrq uhvxowv d olwwoh elw1 Wkhvh irrwqrwhv dovr vkrzv wkdw lqwurgxflqj
wzr pdvv srlqwv lq wkh zdjh htxdwlrq iru ihpdohv kdugo| dhfw wkh orjolnholkrrg ydoxh1
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ri dofrkro xvh dqg wredffr xvh=
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+43,
Wkh zdjh htxdwlrq dqg vwduwlqj udwhv duh hvwlpdwhg mrlqwo| xvlqj pd{0
lpxp olnholkrrg1 Wkh sdudphwhu hvwlpdwhv duh vkrzq lq Wdeoh 431 Dv
zdv wkh fdvh ehiruh lw lv qrw srvvleoh wr glvwlqjxlvk irxu srlqwv ri vxs0
sruw/ exw wkuhh srlqwv ri vxssruw duh lghqwlhg1 Ehfdxvh wkh sdudphwhu
hvwlpdwhv lq wkh ohiw sduw ri wkh wdeoh +dofrkro dqg wredffr xvh frqwlqx0
rxv yduldeohv, duh derxw wkh vdph dv wkh rqh lq wkh uljkw sduw +dofrkro
dqg wredffr xvh gxpp| yduldeohv, dqg prvw ri wkh sdudphwhu hvwlpdwhv
gr qrw glhu pxfk iurp suhylrxv rqhv L irfxv wkh glvfxvvlrq wr wkh sdw0
whuq ri xqrevhuyhg khwhurjhqhlw| dqg wkh qhzo| hvwlpdwhg zdjh hhfwv
ri dofrkro xvh dqg wredffr xvh li vshflhg dv gxpp| yduldeohv1
Wkh hvwlpdwhv ri wkh glvwulexwlrq ri xqrevhuyhg khwhurjhqhlw| lqgl0
fdwhv wkdw frqglwlrqdo rq wkh revhuyhg fkdudfwhulvwlfv wkhuh duh wkuhh
jurxsv ri lqglylgxdov1 Wkhuh lv d jurxs ri ;:( wkdw kdv kljk vwduwlqj
udwhv ri dofrkro xvh dqg wredffr xvh dqg dq phglxp zdjh1 Ixuwkhupruh/
wkhuh lv d jurxs ri 45( wkdw kdv orz vwduwlqj udwhv ri dofrkro xvh/ d }hur
vwduwlqj udwh ri wredffr xvh dqg d orz zdjh1 Ilqdoo| wkhuh lv d jurxs ri
4( wkdw kdv d kljk vwduwlqj udwh ri dofrkro xvh/ d }hur vwduwlqj udwh ri
wredffr xvh dqg d kljk zdjh1 Vlqfh wklv odvw jurxs lv vr vpdoo wkhuh lv
doprvw shuihfw fruuhodwlrq ehwzhhq wkh xqrevhuyhg fkdudfwhulvwlfv1
Wkh sdudphwhu hvwlpdwhv lpso| wkdw pdohv wkdw duh lqfolqhg wr gulqn0
lqj dqg vprnlqj kdyh d kljkhu zdjh wkdq rwkhuzlvh vlplodu lqglylgxdov
wkdw gr qrw kdyh d vwurqj lqfolqdwlrq wr gulqn ru vprnh1 Li wklv lv qrw
wdnhq lqwr dffrxqw wkh srvlwlyh zdjh hhfw ri dofrkro lv ryhuhvwlpdwhg
dqg wkh qhjdwlyh zdjh hhfw ri wredffr lv xqghuhvwlpdwhg1

Wkh sd0
udphwhu hvwlpdwhv lq wkh ohiw0kdqg vlgh ri Wdeoh 43 lpso| wkdw iru dq
dyhudjh gulqnhu zdjhv duh 91:( deryh wkh zdjh ri dq rwkhuzlvh lghqwlfdo
devwdlqhu/ zkloh dq dyhudjh vprnhu kdv d zdjh ;1:( ehorz wkh zdjh ri
dq rwkhuzlvh lghqwlfdo qrq0vprnhu1 Gxh wr wkh orjdulwkplf vshflfdwlrq
ri wkh xvh0yduldeoh wkhuh duh ghfuhdvlqj uhwxuqv wr gulqnlqj dqg vprnlqj1
Dq lqglylgxdo wkdw gulqnv wzlfh wkh dyhudjh kdv d zdjh erqxv ri :1;(
zkloh dq lqglylgxdo wkdw vprnhv wzlfh wkh dyhudjh idfhv d zdjh shqdow|
ri 441<(1 Wkh sdudphwhu hvwlpdwhv lq wkh uljkw0kdqg vlgh ri Wdeoh 43
5
Qrwh wkdw qr sduwlfxodu fruuhodwlrq vwuxfwxuh lv lpsrvhg1 Lw lv wkh lqirupdwlrq
lq wkh gdwd wkdw ohdgv wr wkh frqfoxvlrq wkdw xqrevhuyhg fkdudfwhulvwlfv wkdw duh
srvlwlyho| uhodwhg wr vprnlqj dqg qhjdwlyho| uhodwhg wr gulqnlqj kdyh d qhjdwlyh
hhfw rq zdjhv1 Wklv fdxvhv wkh ryhuhvwlpdwlrq ri wkh srvlwlyh hhfw ri gulqnlqj rq
zdjhv dqg fdxvhv wkh xqghuhvwlpdwlrq ri wkh qhjdwlyh hhfw ri vprnlqj rq zdjhv1
49
lpso| wkdw d gulqnhu kdv d zdjh wkdw lv <1;( kljkhu wkdq dq rwkhuzlvh
lghqwlfdo qrq0gulqnhu zkloh d vprnhu kdv d zdjh wkdw lv ;18( orzhu wkdq
dq rwkhuzlvh lghqwlfdo qrq0vprnhu1
1
Iru erwk hvwlpdwhv lw krogv wkdw
wkh srvlwlyh hhfw ri gulqnlqj lv derxw wkh vdph dv wkh qhjdwlyh hhfw ri
vprnlqj= vprnlqj fdqfhov rxw wkh srvlwlyh zdjh hhfwv ri gulqnlqj1
8 Frqfoxvlrqv
Wklv sdshu ghdov zlwk wkh hhfwv ri wkh xvh ri wredffr dqg dofrkro rq
zdjhv1 Wkh gdwd duh iurp d Ghfhpehu 5334 vxuyh| lq wkh Qhwkhuodqgv1
Iurp wkh dqdo|vlv lw dsshduv wkdw wkh zdjhv ri ihpdohv duh qrw dhfwhg
e| vprnlqj dqg gulqnlqj1 Iru pdohv vprnlqj kdv d qhjdwlyh hhfw rq
zdjhv zkloh gulqnlqj kdv d srvlwlyh hhfw1 Wkh vl}h ri wkh hhfw lv doprvw
lqghshqghqw ri wkh lqwhqvlw| ri vprnlqj ru gulqnlqj1 L xvh dq dowhuqd0
wlyh phwkrg wr dffrxqw iru srvvleoh mrlqw xqrevhuyhg ghwhuplqdqwv ri
wkh zdjh dqg wkh xvh ri dofrkro dqg wredffr1 Lw dsshduv wkdw wkhuh
duh xqrevhuyhg fkdudfwhulvwlfv ri lqglylgxdov wkdw fdxvh glhuhqfhv lq
hduqlqjv ehwzhhq vprnhuv dqg qrq0vprnhuv dqg ehwzhhq gulqnhuv dqg
qrq0gulqnhuv1 Fhwhulv sdulexv qrq0gulqnhuv dqg qrq0vprnhuv hduq ohvv
wkdq gulqnhuv dqg vprnhuv gr1 Wklv phdqv wkdw li rqh grhv qrw dffrxqw
iru wklv wkh srvlwlyh zdjh hhfw ri gulqnlqj lv ryhu0hvwlpdwhg zkloh wkh
qhjdwlyh hhfw ri vprnlqj lv xqghu0hvwlpdwhg1 Wdnlqj wkh hhfw ri xq0
revhuyhg khwhurjhqhlw| lqwr dffrxqw L qg wkdw dofrkro xvhuv hduq derxw
43( pruh wkdq qrq0gulqnhuv zkloh vprnhuv hduq derxw 43( ohvv wkdq
qrq0vprnhuv gr1
Dv lw lv qrw fohdu zk| gulqnlqj lqfuhdvhv zdjhv dqg vprnlqj uhgxfhv
zdjhv lw lv qrw hdv| wr gudz fohdu srolf| frqfoxvlrqv iurp wkh dqdo|vlv1
Ixuwkhupruh/ wkh vshhg ri surfhvvhv lv xqfohdu1 Prvw olnho| wkh hhfwv
duh uhodwhg wr khdowk dqg vrfldo qhwzrunlqj1 Li wkh hhfwv duh suhvhqw
ehfdxvh ri khdowk uhdvrqv wkhq devwhqwlrq iurp vprnlqj ru 0 prghudwh 0
gulqnlqj zloo kdyh d srvlwlyh hhfw rq wkh zdjhv diwhu vrph wlph1 Li wkh
hhfwv duh uhodwhg wr vrfldo qhwzrunlqj wkh hhfwv pd| dovr pdwhuldol}h
diwhu vrph wlph diwhu ehkdylru kdv fkdqjhg exw vrfldo qhwzrunv whqg wr
eh sdwk0ghshqghqw vr fkdqjhv zloo rffxu vorzo|1 Qhyhuwkhohvv/ lw vhhpv
idlu wr vd| wkdw dofrkro xvh lqfuhdvhv wkh zdjh/ exw vprnlqj eorzv wkdw
zdjh jdlq dzd|1
5
Wkh frh!flhqw ri dofrkro xvh lv rq wkh erughuolqh ri vljqlfdqfh1 Wklv kdv wr gr
zlwk wkh vxevwdqwldo yduldwlrq lq wkh zdjhv ri pdohv wkdw duh plog xvhuv ri dofrkro1
Li L vshfli| wkh gxpp| iru dofrkro xvh wr fryhu wkh udqjh deryh 5 gulqnv shu prqwk
L qg d frh!flhqw ri 313:6 zlwk dq devroxwh w0vwdwlvwlf ri 5151 Wdeoh < dovr vkrzv
wkdw lpsrvlqj d uhvwulfwlrq ri qr udqgrp hhfwv lq wkh zdjh htxdwlrq uhgxfhv wkh
orjolnholkrrg zlwk 60717 srlqwv1 Iru wzr ghjuhhv ri iuhhgrp wklv zrxog eh rq wkh
erughuolqh ri vljqlfdqfh iru wkh ohiw0kdqg vlgh ri wkh wdeoh dqg fohduo| vljqlfdqw iru





^4` Dqjulvw/ M1G1 dqg Nuxhjhu/ D1E1/ 53341 Lqvwuxphqwdo yduldeohv dqg
wkh vhdufk iru lghqwlfdwlrq= iurp vxsso| dqg ghpdqg wr qdwxudo
h{shulphqwv/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 48/ 9<0;81
^5` Dxog/ P1F1/ 4<<;1 Zdjh/ dofrkro xvh/ dqg vprnlqj= vlpxowdqhrxv
hvwlpdwhv1 Ghsduwphqw ri Hfrqrplfv Glvfxvvlrq Sdshu/ Qr1 <;23;/
Xqlyhuvlw| ri Fdojdu|1
^6` Ehujhu/ P1F1/ dqg Ohljk/ M1S1/ 4<;;1 Wkh hhfw ri dofrkro xvh rq
zdjhv1 Dssolhg Hfrqrplfv/ 53/ 4676046841
^7` Fdug/ G1/ 4<<<1 Wkh fdxvdo hhfw ri hgxfdwlrq rq hduqlqjv1 lq=
Dvkhqihowhu R1/ dqg Fdug/ G1 +Hgv1,/ Kdqgerrn ri Oderu Hfr0
qrplfv/ Yroxph LLL D/ Qruwk0Kroodqg/ Dpvwhugdp1
^8` Gdyh/ G1 dqg Ndhvwqhu/ U1/ 53351 Dofrkro wd{hv dqg oderu pdunhw
rxwfrphv1 Mrxuqdo ri Khdowk Hfrqrplfv/ 54/ 68:06:41
^9` Iuhqfk/ P1W1 dqg ]dunlq/ J1D1/ 4<<81 Lv prghudwh dofrkro xvh uh0
odwhg wr zdjhvB Hylghqfh iurp irxu zrunvlwhv1 Mrxuqdo ri Khdowk
Hfrqrplfv/ 47/ 64<06771
^:` Kdplowrq/ Y1 dqg Kdplowrq/ E1K1/ 4<<:1 Dofrkro dqg hduqlqjv= grhv
gulqnlqj |lhog d zdjh suhplxpB Fdqdgldq Mrxuqdo ri Hfrqrplfv/
63/ 46804841
^;` Khfnpdq/ M1M1/ dqg Vlqjhu/ E1/ 4<;71 D Phwkrg iru Plqlpl}lqj wkh
Lpsdfw ri Glvwulexwlrqdo Dvvxpswlrqv lq Hfrqrphwulf Prghov iru
Gxudwlrq Gdwd1 Hfrqrphwulfd/ 85/ 5:406531
^<` Khlhq/ G1P1/ 4<<91 Gr gulqnhuv hduq ohvvB Vrxwkhuq Hfrqrplf Mrxu0
qdo/ 96/ 9309;1
^43` Odqfdvwhu/ W1/ 4<<31 Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd1
Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
^44` Ohh/ \1/ 4<<<1 Zdjh hhfwv ri gulqnlqj dqg vprnlqj= dq dqdo|vlv xv0
lqj Dxvwudoldq wzlqv gdwd1 Xqlyhuvlw| ri Zhvwhuq Dxvwudold Zrunlqj
Sdshu/ <<0551
^45` Ohylqh/ S1E1/ Jxvwdivrq/ W1D1 dqg Ydohqfkln/ D1G1/ 4<<:1 Pruh edg
qhzv iru vprnhuvB Wkh hhfwv ri fljduhwwh vprnlqj rq zdjhv1 Lq0
gxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 83/ 7<6083<1
^46` O|h/ M1P1/ dqg Kluvfkehuj/ M1J1/ 53341 Dofrkro/ frqvxpswlrq/ vprn0
lqj dqg zdjhv1 Glvfxvvlrq Sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xql0
yhuvlw| ri Phoerxuqh1
^47` PdfGrqdog/ ]1 dqg Sxgqh|/ V1/ 53331 Loolflw guxj xvh/ xqhpsor|0
phqw/ dqg rffxsdwlrqdo dwwdlqphqw1 Mrxuqdo ri Khdowk Hfrqrplfv/
4</ 43;<044481
^48` PdfGrqdog/ ]1 dqg Vklhogv/ P1/ 53341 Wkh lpsdfw ri dofrkro xvh rq
rffxsdwlrqdo dwwdlqphqw lq Hqjodqg1 Hfrqrplfd/ 9;/ 75:07871
^49` Pur}/ W1D1/ 4<<<1 Glvfuhwh idfwru dssur{lpdwlrqv lq vlpxowdqhrxv
4;
htxdwlrq prghov= hvwlpdwlqj wkh lpsdfw ri d gxpp| hqgrjhqrxv
yduldeoh rq d frqwlqxrxv rxwfrph/ Mrxuqdo ri Hfrqrphwulfv/ <5/ 5660
5:71
^4:` Whnlq/ H1/ 5335/ Hpsor|phqw/ zdjhv/ dqg dofrkro frqvxpswlrq lq
Uxvvld= hylghqfh iurp sdqho gdwd/ L]D0glvfxvvlrq sdshu/ Qr1 7651
^4;` Ydq ghq Ehuj/ J1M1/ 53341 Gxudwlrq prghov= vshflfdwlrq/ lghqwl0
fdwlrq/ dqg pxowlsoh gxudwlrqv/ lq= Khfnpdq/ M1M1/ dqg Ohdphu/ H1
+Hgv1,/ Kdqgerrn ri Hfrqrphwulfv/ Yroxph Y/ Fkdswhu 88/ Qruwk0
Kroodqg/ Dpvwhugdp1
^4<` Ydq ghq Ehuj/ J1M1/ Ydq ghu Noddxz/ E1/ Ydq Rxuv/ M1F1/ 53371
Sxqlwlyh vdqfwlrqv dqg wkh wudqvlwlrq udwh iurp Zhoiduh wr Zrun1
Mrxuqdo ri Oderu Hfrqrplfv/ iruwkfrplqj1
^53` ]dunlq/ J1D1/ Iuhqfk/ P1W1/ Pur}/ W1 dqg Eud|/ M1Z1/ 4<<;1 Dofrkro
xvh dqg zdjhv= qhz uhvxowv iurp wkh Qdwlrqdo Krxvhkrog Vxuyh| rq
guxj dexvh1 Mrxuqdo ri Khdowk Hfrqrplfv/ 4:/ 8609;1
4<
9 Dsshqgl{= Lqirupdwlrq derxw wkh gdwd
914 FhqwHU0gdwd gdwd
FhqwHU0gdwd h{sorlwv dq Lqwhuqhw0edvhg sdqho frqvlvwlqj ri vrph 5333
krxvhkrogv lq wkh Qhwkhuodqgv1 Hyhu| zhhn/ wkh sdqho phpehuv oo lq d
txhvwlrqqdluh rq wkh Lqwhuqhw/ zkloh ehlqj dw krph1 Wkh FhqwHUsdqho
lv uhsuhvhqwdwlyh ri wkh Gxwfk srsxodwlrq lq whupv ri djh/ vh{/ uholjlrq/
hgxfdwlrq/ uhjlrq/ dqg surylqfh1 Wkh gdwd rq wkh xvh ri dofrkro dqg
wredffr zhuh froohfwhg lq wkh zhhn ehiruh Fkulvwpdv 53341 Wkh txhvwlrqv
derxw vprnlqj dqg gulqnlqj duh txhvwlrqv w|slfdoo| dvnhg olnh olihwlph
suhydohqfh/ odvw |hdu suhydohqfh/ odvw prqwk suhydohqfh/ iuhtxhqf| ri xvh
hyhu/ qrupdo fxuuhqw xvh1 Wkh gdwd derxw wkh shuvrqdo fkdudfwhulvwlfv
dqg oderu pdunhw srvlwlrq zhuh gudzq iurp wkh dydlodeoh lqirupdwlrq
derxw wkh sdqho phpehuv1
915 Ghqlwlrq ri yduldeohv
Lq wkh dqdo|vlv wkh iroorzlqj h{sodqdwru| yduldeohv duh xvhg=
 Djh= Djh ri lqglylgxdov dw wkh wlph ri wkh vxuyh|1
 Sulpdu| hgxfdwlrq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqgl0
ylgxdo dwwhqghg h{whqghg sulpdu| hgxfdwlrq diwhu kdylqj dwwhqghg
edvlf hgxfdwlrq/ dqg d ydoxh ri 3 rwkhuzlvh1
 Vhfrqgdu| hgxfdwlrq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh
lqglylgxdo dwwhqghg vhfrqgdu| jhqhudo ru yrfdwlrqdo hgxfdwlrq/ dqg
d ydoxh ri 3 rwkhuzlvh1 Vhfrqgdu| hgxfdwlrq uhihuv wr lqwhuphgldwh
yrfdwlrqdo ru vhfrqgdu| jhqhudo hgxfdwlrq1
 Kljkhu hgxfdwlrq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqgl0
ylgxdo dwwhqghg kljkhu yrfdwlrqdo ru dfdghplf hgxfdwlrq/ dqg d
ydoxh ri 3 rwkhuzlvh1 Vlqfh wkhuh duh wkuhh gxpp| yduldeohv iru
hgxfdwlrq wkh ryhudoo uhihuhqfh jurxs frqvlvwv ri lqglylgxdov zlwk
rqo| edvlf hgxfdwlrq1
 Fkloguhq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo kdv
fkloguhq dqg d ydoxh ri 3 rwkhuzlvh1
 Sduwqhu= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo kdv d
sduwqhu dqg d ydoxh ri 3 rwkhuzlvh1
 Fdwkrolf= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo lqgl0
fdwhv wr eh Fdwkrolf dqg d ydoxh ri 3 rwkhuzlvh1
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 Surwhvwdqw= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo
lqglfdwhv wr eh Surwhvwdqw dqg d ydoxh ri 3 rwkhuzlvh1
 VHV0orz= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo kdv
d orz ydoxh iru wkh vrflrhfrqrplf fodvv lqglfdwru dqg d ydoxh ri 3
rwkhuzlvh1 Wkh vrflrhfrqrplf fodvv lqglfdwru lv dq ruglqdo yduldeoh
edvhg rq lqirupdwlrq derxw wkh hgxfdwlrq dqg rffxsdwlrq ri wkh
pdlq euhdgzlqqhu ri wkh krxvhkrog1
 Hduo| vwduw wredffr +dofrkro, xvh= Gxpp| yduldeoh zlwk d ydoxh ri
4 li wkh lqglylgxdo lqglfdwhg wr kdyh vwduwhg xvlqj wredffr +dofrkro,
ehiruh wkh djh ri 491
 Lqwhqvlw| ri wredffr xvh= qxpehu ri fljduhwwhv/ fljduv ru slshv wkh
lqglylgxdo cqrupdoo|* vprnhv gxulqj d gd|1
 Lqwhqvlw| ri dofrkro xvh= qxpehu ri jodvvhv ri dofrkro +ehhu/ zlqh/
jlq, wkh lqglylgxdo cqrupdoo|* gulqnv gxulqj d prqwk1
 olihwlph suhydohqfh= edvhg rq wkh txhvwlrq= glg |rx hyhu xvh +wr0
edffr/ dofrkro, xs wr odvw |hduB
 Odvw |hdu suhydohqfh= edvhg rq wkh txhvwlrq= glg |rx xvh +wredffr/
dofrkro, odvw |hdu +xs wr odvw prqwk,B
 Odvw prqwk suhydohqfh= edvhg rq wkh txhvwlrq= glg |rx xvh +wr0
edffr/ dofrkro, odvw prqwkB
 Krxuo| zdjh fdofxodwhg dv wkh lqglylgxdo jurvv prqwko| lqfrph
glylghg e| wkh prqwko| krxuv ri zrun +@ zhhno| krxuv ri zrun
-4626,
Wdeohv D4 dqg D5 suhvhqw wkh fkdudfwhulvwlfv ri wkh ixoo gdwdvhw dqg wkh
gdwdvhw xvhg lq wkh zdjh uhjuhvvlrqv1
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Wdeoh D4 Jhqhudo fkdudfwhulvwlfv ri wkh ixoo gdwdvhw
Pdohv Ihpdohv
Phdq Plq Pd{ Q Phdq Plq Pd{ Q
Djh 7;18 49 ;9 4343 7718 49 ;9 ;53
Hgxfdwlrq
Sulpdu| 314< 3 4 4343 3158 3 4 ;53
Vhfrqgdu| 3168 3 4 4343 316: 3 4 ;53
Kljkhu 3174 3 4 4343 315< 3 4 ;53
Idplo|
Fkloguhq 316; 3 4 4343 3177 3 4 ;53
Sduwqhu 31:: 3 4 4343 31:9 3 4 ;53
Uholjlrq
Fdwkrolf 3167 3 4 4343 3166 3 4 ;53
Surwhvwdqw 3153 3 4 4343 3154 3 4 ;53
VHV0orz 3153 3 4 4343 3156 3 4 ;53
Guxj xvh
Hduo| vwduw wredffr 3183 3 4 :73 3175 3 4 7;<
Hduo| vwduw dofrkro 316: 3 4 <48 3165 3 4 9:8
Wredffr xvh 4518 4 458 73; 4614 4 73 5;;
Dofrkro xvh 7<13 4 933 <45 591: 4 933 9<3
olihwlph suhydohqfh
Wredffr 31:9 3 4 4336 3194 3 4 ;48
Dofrkro 31<; 3 4 4333 31<5 3 4 ;45
Odvw |hdu suhydohqfh
Wredffr 3165 3 4 4336 315< 3 4 ;48
Dofrkro 31<5 3 4 4333 31;7 3 4 ;45
Odvw prqwk suhydohqfh
Wredffr 3165 3 4 4336 315; 3 4 ;48
Dofrkro 31;< 3 4 4333 31:: 3 4 ;45
Zdjh
Krxuo| zdjh 9<13 3 549618 :39 6619 3 :8:15 939
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Wdeoh D5 Jhqhudo fkdudfwhulvwlfv ri wkh gdwdvhw xvhg lq wkh
zdjh uhjuhvvlrqv
Pdohv Ihpdohv
Phdq Plq Pd{ Q Phdq Plq Pd{ Q
Djh 7417 59 88 836 6;18 59 88 668
Hgxfdwlrq
Sulpdu| 314: 3 4 836 3147 3 4 668
Vhfrqgdu| 316; 3 4 836 3175 3 4 668
Kljkhu 3174 3 4 836 3174 3 4 668
Idplo|
Fkloguhq 3187 3 4 836 317< 3 4 668
Sduwqhu 31:8 3 4 836 31:5 3 4 668
Uholjlrq
Fdwkrolf 3163 3 4 836 3163 3 4 668
Surwhvwdqw 314; 3 4 836 314: 3 4 668




3185 3 4 684 3177 3 4 534
Hduo| vwduw dofrkro
 >
317: 3 4 78; 3173 3 4 5;7
Wredffr xvh
 >
441: 4 78 53< 4614 4 73 44<
Dofrkro xvh
 >
781; 4 933 79< 5919 4 933 5;9
Zdjh
Krxuo| zdjh 6613 4717 9916 836 5;1< 4413 9716 669
 >
Frqglwlrqdo rq olihwlph suhydohqfh @ 4 >
Frqglwlrqdo rq xvh A 3
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Wdeoh 4 Oderu pdunhw vlwxdwlrq e| djh fdwhjru| dqg jhqghu
Hpsor|hg Xqhpsor|hg Qrq0sduwlflsdqwv Wrwdo Wrwdo
Pdohv +(, +(, +(, +(, +Qxpehu,
49058 |uv 87 6 76 433 6:
59068 |uv <8 5 6 433 49;
69078 |uv <9 5 5 433 588
79088 |uv ;; 6 < 433 569
89098 |uv 6< 5 8< 433 483
98. |uv 5 4 <: 433 497
Wrwdo 9< 5 5< 433 4343
Ihpdohv
49058 |uv 86 9 74 433 84
59068 |uv ;9 7 43 433 536
69078 |uv :7 6 56 433 554
79088 |uv 98 : 5; 433 48;
89098 |uv 4: 3 ;6 433 <<
98. |uv 5 3 <; 433 ;;
Wrwdo 8< 6 6: 433 ;53
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Wdeoh 5 Wkh xvh ri wredffr dqg dofrkro e| djh jurxs dqg jhqghu
+( ri wrwdo,
 >
Suhydohqfh wredffr Suhydohqfh dofrkro
Olihwlph Odvw |hdu Odvw prqwk Olihwlph Odvw |hdu Odvw prqwk
Pdohv
49058 |uv 65 63 63 <: <: <8
59068 |uv 8: 6; 6; <9 <4 ;;
69078 |uv 9: 68 66 <9 <6 ;<
79088 |uv ;8 6< 6; <; <6 <5
89098 |uv ;8 64 64 << <8 <6
98. |uv <4 63 48 <8 ;: ;7
Ihpdohv
49058 |uv 68 57 53 <5 <5 ;7
59068 |uv 88 63 5: <3 ;3 :3
69078 |uv 9: 67 66 <5 ;9 :<
79088 |uv :5 64 63 <7 ;9 :<
89098 |uv 8< 63 63 <7 ;< ;:
98. |uv 8: 57 49 ;9 :: ::
 >
Olihwlph suhydohqfh hyhu xvh xs wr odvw |hdu> Odvw |hdu suhydohqfh xvh gxulqj
odvw |hdu xs wr odvw prqwk> Odvw prqwk suhydohqfh xvh gxulqj odvw prqwk
58
Wdeoh 6 Lqwhqvlw| ri xvh +pruh wkdq 58 wlphv hyhu> ( ri wrwdo,
Pdohv Ihpdohv
Wredffr Dofrkro Wredffr Dofrkro
49058 |uv 63 :; 55 98
59068 |uv 7< ;< 77 :;
69078 |uv 89 ;< 85 :<
79088 |uv 98 ;< 89 ;6
89098 |uv 94 <6 77 ;4
98. |uv 98 ;: 6; :7
59
Wdeoh 7 cQrupdo* xvh ri wredffr dqg dofrkro e| pdohv dqg ih0
pdohv> djh 59088 |hduv
Wredffr Dofrkro
Qxpehu2gd| Pdohv Ihpdohv Qxpehu2prqwk Pdohv Ihpdohv
3 8: 96 3 : 49
405 44 ; 408 48 64
6043 43 < 9049 4; 4;
44053 47 48 4:064 53 48




Wrwdo +(, 433 433 433 433
Wrwdo +qxpehu, 98< 8;5 98< 8;5
Dyhudjh li srvlwlyh 46154 46179 7;1:; 58193
Ryhudoo dyhudjh 8198 :1:: 78148 5417:
5:




Wredffr Dofrkro Wredffr Dofrkro
Hgxfdwlrq
Sulpdu| 03146 +316, 03143 +316, 03159 +31:, 314: +319,
Vhfrqgdu| 03188 +417, 03145 +317, 03173 +415, 3168 +417,
Kljkhu 0318; +418, 03134 +313, 03194 +41;, 3187 +513,
Uholjlrq
Fdwkrolf 03135 +314, 0313< +31;, 0315< +514, 3134 +314,
Surwhvwdqw 0313< +318, 03147 +31<, 03186 +51;, 03147 +413,
Djh ghshqghqfh
44 3153 +319, 04155 +519, 3134 +314, 0516; +515,
45 319< +514, 314; +319, 513< +616, 3179 +414,
46 31;; +51:, 3155 +31:, 5166 +61:, 3139 +314,
47 4176 +71:, 4187 +81;, 6136 +71<, 41:7 +813,
48 41<< +919, 513: +;13, 6157 +815, 514: +917,
49 513< +919, 519: +4314, 6187 +815, 51;6 +;17,
4: 4185 +716, 5175 +;18, 6167 +815, 5157 +916,
4; 5149 +81;, 5158 +:14, 615: +71<, 51;3 +:1<,
4< 4174 +617, 414; +51:, 514; +613, 41;: +718,
 2f 03173 +413, 313: +315, 3193 +31<, 316; +414,
Pdvv srlqwv
y  06143 +919, 06158 +;1:, 07194 +91:, 0516; +515,
y   y  4 031<3 +513, 4 0414: +319,
Khwhurjhqhlw|
  41;; +614, 5189 +419,
Orjolnholkrrg 64;;158 5:531:3
Orjo= Ey  ' y   64<91<9 5:56184
 >
98< pdohv dqg 8;5 ihpdohv djh 59088 |hduv> pd{lpxp olnholkrrg hvwlpdwhv>
devroxwh w0ydoxhv lq sduhqwkhvhv1
5;




Wredffr Dofrkro Wredffr Dofrkro
Djh 31345 +41;, 31369 +71<, 3133; +417, 31375 +81;,
Hgxfdwlrq
Sulpdu| 03169 +415, 0313; +315, 0317; +41;, 316; +414,
Vhfrqgdu| 03153 +31:, 03137 +314, 0318; +515, 316: +414,
Kljkhu 0316< +415, 3148 +317, 031;; +616, 317: +417,
Idplo|
Fkloguhq 0313< +31;, 0313; +319, 03138 +317, 0314; +417,
Sduwqhu 03179 +616, 0313< +319, 0316: +51<, 03145 +31;,
Uholjlrq
Fdwkrolf 03135 +315, 03137 +317, 0314; +419, 0315< +515,
Surwhvwdqw 03148 +414, 03139 +316, 3134 +314, 03166 +514,
VHV0orz 3159 +41;, 03138 +316, 317< +61:, 314: +414,
Suhylrxv xvh
Hduo| vwduw 318: +816, 3183 +718, 319< +81<, 31:< +916,
Frqvwdqw 31<6 +514, 4174 +51<, 514< +613, 313< +317,
U

313;7 31384 31495 31455
 >
98< pdohv dqg 8;5 ihpdohv djh 59088 |hduv> wkh ghshqghqw yduldeoh lv
oqExvh n > ROV sdudphwhu hvwlpdwhv/ devroxwh w0ydoxhv lq sduhqwkhvhv1
5<
Wdeoh : Sdudphwhu hvwlpdwhv zdjh uhjuhvvlrqv L +ROV,
 >
Pdohv Ihpdohv
Djh 31345 +:17, 31339 +614,
Sulpdu| hgxfdwlrq 31368 +317, 313:7 +319,
Vhfrqgdu| hgxf 31456 +419, 3146: +415,
Kljkhu hgxfdwlrq 31679 +718, 31695 +614,
Wredffr xvh
 >
405 031363 +31;, 3138< +31;,
6043 03143: +51:, 3135; +319,
44053 03138: +417, 03137; +414,
53. 0313<: +419, 031334 +313,
Dofrkro xvh @ >
408 313:7 +415, 031345 +315,
9049 31474 +519, 313:3 +417,
4:064 31438 +41;, 31355 +317,
65095 3145< +516, 3138< +413,
960<6 31598 +61<, 3144; +417,
<70457 3146< +41<, 31463 +414,
457. 3136< +319, 31593 +41<,





836 pdohv dqg 668 ihpdohv djh 59088 |hduv> ROV sdudphwhu hvwlpdwhv/
devroxwh w0ydoxhv lq sduhqwkhvhv1 >
Qxpehu ri fljduhwwhv/ fljduv ru slshv shu gd|
@ > Qxpehu ri jodvvhv ri dofrkro shu prqwk
63
Wdeoh ; Sdudphwhu hvwlpdwhv zdjh uhjuhvvlrqv LL +pd{lpxp
olnholkrrg,
 >
Pdohv Pdohv Pdohv Ihpdohv
Djh 31346 +:1:, 31347 +;18, 31347 +;1;, 31339 +617,
Sulpdu| hgxfdwlrq 31354 +316, 31356 +316, 3134: +315, 313;7 +31:,
Vhfrqgdu| hgxf 31456 +418, 31464 +419, 31453 +41:, 3146; +416,
Kljkhu hgxfdwlrq 31673 +716, 3168: +718, 31689 +71<, 3168: +616,
Wredffr xvh
 >
031359 +519, 031358 +518, 031358 +519, 03133: +319,
Dofrkro xvh
 >
31353 +515, 3134; +513, 31348 +41;, 31357 +514,
  519;: +5715, 41:96 +4314, 41;6: +4317, 51;37 +5513,
      31;;3 +91;, 31:68 +819, 
       413;: +;13, 
   071;<7 +91:, 051<49 +61<, 
    414;8 +515, 
 3159< +5:19, 3158; +5;17, 31538 +4516, 315:< +5617,
Orjolnholkrrg A > 8519 7;1: 7913 7:14
Djh 31346 +:1<, 31347 +;1:, 31347 +;18, 3133: +713,
Sulpdu| hgxfdwlrq 31358 +316, 31359 +316, 3135: +317, 313;: +31;,
Vhfrqgdu| hgxf 31456 +418, 31463 +419, 31459 +41;, 3147; +416,
Kljkhu hgxfdwlrq 31679 +716, 31694 +718, 3169: +814, 316:9 +616,
Wredffr xvh @ > 03138; +516, 031389 +517, 03138< +517, 31344 +316,
Dofrkro xvh @ > 3145; +519, 3145: +517, 31444 +41<, 3136: +31<,
  51943 +541:, 41947 +<18, 51833 +541<, 51:9; +531;,
      31<86 +<13, 031:9< +716, 
       31689 +91;, 
   08144< +:13, 41686 +518, 
    51834 +541<, 
 3159; +5:16, 3158; +5<1;, 31543 +4318, 315;3 +5618,
Orjolnholkrrg B > 8515 7:1; 7815 7<13
 >
836 pdohv dqg 668 ihpdohv djh 59088 |hduv> pd{lpxp olnholkrrg sdudphwhu
hvwlpdwhv/ devroxwh w0ydoxhv lq sduhqwkhvhv1 >
Oq+xvh.4,> wredffr xvh +qr12gd|,/ dofrkro xvh +qr12prqwk,1
@ > Gxpp| yduldeoh ydoxh 4 li xvh A 3/ ydoxh 3 rwkhuzlvh1
A > 0Orjolnholkrrg ydoxhv iru pdohv zlwk 7 pdvv srlqwv 7913/ iru ihpdohv zlwk 5
pdvv srlqwv 78171
B > 0Orjolnholkrrg ydoxhv iru pdohv zlwk 7 pdvv srlqwv 7813/ iru ihpdohv zlwk 5
pdvv srlqwv 7:131
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Wdeoh < Hvwlpdwlrq uhvxowv zdjh uhjuhvvlrqv LLL +5VOV,
 >
Ihpdohv Pdohv Pdohv
Djh 3133: +518, 31344 +71:, 31344 +713,
Sulpdu| hgxfdwlrq 313;3 +319, 031338 +314, 031357 +315,
Vhfrqgdu| hgxf 314:6 +415, 31455 +415, 31439 +31<,
Kljkhu hgxfdwlrq 31758 +51;, 315:: +51<, 31574 +513,
Wredffr xvh
 >
31393 +414, 031456 +517, 031558 +519,
Dofrkro xvh
 >
031334 +313, 31447 +513, 31457 +41;,




Lqvwuxphqwv @ > Sduwqhu Sduwqhu
Hduo| dofrkro xvh Hduo| dof xvh
Hduo| wredffr xvh
Pdohv Pdohv Pdohv
Djh 31344 +719, 31344 +718, 31344 +715,
Sulpdu| hgxfdwlrq 031345 +314, 031347 +314, 031343 +314,
Vhfrqgdu| hgxf 31443 +414, 3143< +414, 31447 +415,
Kljkhu hgxfdwlrq 31597 +519, 31594 +517, 3159; +517,
Sduwqhu 0 0 3136 +317,
Wredffr xvh
 >
031499 +514, 0314:9 +41:, 03149; +418,
Dofrkro xvh
 >
31444 +41:, 31447 +41;, 31446 +41;,




Lqvwuxphqwv @ > Fkloguhq Orz VHV
Hduo| dof xvh Hduo| dofrkro xvh
 >
836 pdohv dqg 668 ihpdohv djh 59088 |hduv> sdudphwhu hvwlpdwhv xvlqj 5VOV/
devroxwh w0ydoxhv lq sduhqwkhvhv1 >
Oq+xvh.4, dv frqwlqxrxv yduldeoh> dofrkro xvh @ qr12prqwk> wredffr xvh @
qr12gd|
65
Wdeoh 43 Sdudphwhu hvwlpdwhv mrlqw hvwlpdwlrq ri zdjh htxdwlrq
dqg vwduwlqj udwhv ri wredffr xvh dqg dofrkro xvh
 >
+4, +5,
Wredffr Dofrkro Wredffr Dofrkro
Vwduwlqj udwhv
Sulpdu| hgxfdwlrq 3144 +315, 03144 +316, 03163 +31:, 03147 +317,
Vhfrqgdu| hgxf 0315: +319, 0314< +318, 0318: +413, 03158 +319,
Kljkhu hgxfdwlrq 0316: +31;, 3135 +314, 031:3 +415, 03139 +315,
Fdwkrolf 3146 +31:, 03154 +418, 03135 +314, 03156 +419,
Surwhvwdqw 0314; +31<, 03145 +319, 03138 +315, 03146 +31:,
Pdvv srlqwv
y  0616: +915, 06144 +91;, 06156 +815, 0613; +91:,
y   y  4 0319: +61:, 4 031<9 +518,
Zdjhv
Djh 31346 +:18, 31346 +:1;,
Sulpdu| hgxfdwlrq 3134: +315, 3134< +316,
Vhfrqgdu| hgxf 31457 +41;, 31453 +41;,
Kljkhu hgxfdwlrq 3166; +71<, 3166< +813,
Wredffr xvh 031365 +613,
 >
0313;8 +51<, @ >
Dofrkro xvh 31349 +41:,
 >
313<; +41:, @ >
Pdvv srlqwv
  51:5: +591:, 519;7 +5618,
     31574 +417, 316;3 +319,
     031447 +514, 0314<7 +518,
Khwhurjhqhlw|
  5179 +614, 7153 +418,
  4168 +417, 5156 +31<,
 3159 +5<1;, 3159 +6314,
Orjolnholkrrg 57:61< 57:718
Orjo= +  '   '    57:31< 57:314
 >
836 pdohv djh 59088 |hduv> pd{lpxp olnholkrrg sdudphwhu hvwlpdwhv/ de0
vroxwh w0ydoxhv lq sduhqwkhvhv1 Wr vdyh vsdfh wkh frh!flhqwv iru djh ghshq0
ghqfh lq wkh vwduwlqj udwhv duh qrw uhsruwhg1 Wkhvh frh!flhqwv duh doprvw wkh
vdph dv wkh rqhv uhsruwhg lq Wdeoh 81 >
Oq+xvh.4, dv frqwlqxrxv yduldeoh
@ > Gxpp| yduldeoh +xvhA3,
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